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Relationships	  between	  socioeconomic	  status	  (SES)	  and	  children’s	  vocabulary	  are	  evident	  
from	  toddlerhood.	  The	  existing	  literature	  makes	  clear	  that	  quantitative	  and	  qualitative	  
differences	  in	  early	  linguistic	  experience	  appear	  to	  play	  a	  mediating	  role.	  However,	  to	  date,	  
most	  research	  has	  focused	  on	  children	  during	  the	  second	  year	  of	  life	  and	  beyond,	  so	  the	  
research	  investigating	  those	  differences	  during	  the	  first	  year	  of	  life	  is	  sparse.	  However,	  we	  
know	  that	  the	  foundations	  of	  first	  language	  acquisition	  begin	  early	  in	  infancy,	  well	  before	  
infants	  speak	  their	  first	  words.	  The	  aim	  of	  this	  thesis	  is	  to	  add	  to	  the	  literature	  by	  providing	  a	  
deeper	  empirical	  understanding	  of	  the	  relationship	  between	  family	  SES	  and	  early	  vocabulary	  
development	  for	  Australian	  infants,	  beginning	  in	  the	  first	  year	  of	  life.	  	  
	  A	  longitudinal	  study,	  carried	  out	  from	  2015	  to	  2016,	  focused	  on	  quantitative	  aspects	  
of	  infants’	  linguistic	  experience	  as	  they	  occurred	  during	  whole-­‐day	  recording	  sessions	  at	  
home,	  to	  assess	  SES-­‐related	  differences	  and	  their	  potential	  association	  with	  later	  expressive	  
vocabulary	  skills.	  Fifty	  families	  participated,	  from	  working-­‐	  and	  middle-­‐class	  Australian	  
English-­‐speaking	  backgrounds,	  representing	  two	  levels	  of	  maternal	  education	  (higher	  ≥	  
bachelor	  degree,	  lower	  ≤	  bachelor	  degree).	  At	  infant	  age	  6	  to	  9	  months	  and	  12	  to	  15	  
months,	  day-­‐long	  digital	  audio	  recordings	  were	  obtained	  in	  families’	  homes	  on	  two	  days.	  
Recordings	  were	  processed	  automatically	  using	  the	  Language	  Environment	  Analysis	  system	  
(LENATM)	  to	  provide	  12-­‐hour	  estimates	  of	  three	  aspects	  of	  linguistic	  experience	  (i.e.	  adult	  
word	  count,	  conversational	  turn	  count,	  and	  child	  vocalisation	  count).	  At	  infant	  age	  12	  to	  15	  
months	  and	  19	  months,	  parents	  reported	  on	  children’s	  expressive	  vocabulary	  using	  the	  
Australian	  English	  Communicative	  Development	  Inventory	  (OZI).	  A	  secondary	  aspect	  of	  the	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study	  measured	  mothers’	  verbal	  and	  nonverbal	  IQ,	  and	  a	  selection	  of	  other	  maternal	  
characteristics	  were	  assessed	  via	  questionnaire	  data.	  
Based	  on	  previous	  research	  in	  SES,	  we	  predicted	  that	  higher	  SES	  (measured	  as	  
maternal	  education)	  would	  be	  associated	  with	  1)	  greater	  amounts	  of	  linguistic	  experience	  in	  
infancy	  and,	  later	  2)	  children’s	  larger	  expressive	  vocabularies.	  As	  predicted,	  despite	  
considerable	  individual	  variation,	  higher	  maternal	  education	  was	  associated	  with	  greater	  
amounts	  of	  linguistic	  input	  at	  6	  to	  9	  and	  12	  to	  15	  months.	  Maternal	  education	  was	  directly	  
related	  with	  infants’	  vocabulary,	  but	  only	  at	  12	  to	  15	  months.	  At	  19	  months,	  the	  relationship	  
was	  moderated	  by	  sex	  differences.	  A	  key	  finding	  of	  the	  study	  is	  that	  the	  quantity	  of	  verbal	  
interactions	  occurring	  between	  infants	  and	  their	  caregivers	  from	  6-­‐9	  months,	  but	  not	  
infants’	  exposure	  to	  overheard	  speech,	  was	  a	  significant	  predictor	  of	  infants’	  vocabulary	  up	  
to	  a	  year	  later.	  Mothers’	  IQ	  and	  education	  were	  related	  and,	  like	  maternal	  education,	  IQ	  
appeared	  to	  contribute	  to	  infant	  vocabulary	  via	  infants’	  earlier	  language	  experiences.	  
	  	   The	  current	  research	  represents	  the	  first	  in-­‐depth	  look	  at	  input	  and	  vocabulary	  for	  
lower	  SES	  Australian	  families.	  Its	  findings	  highlight	  some	  early	  environmental	  factors	  that	  




Chapter	  1:	  Overview	  
1.1	  The	  research	  problem	  
In	  developing	  and	  developed	  nations,	  including	  Australia,	  indices	  of	  family	  social	  and	  
economic	  standing	  are	  strong	  predictors	  of	  child	  outcomes.	  That	  is,	  children	  born	  into	  
families	  who	  occupy	  higher	  social	  strata	  are	  more	  likely	  to	  achieve	  better	  developmental,	  
health,	  and	  educational	  outcomes	  than	  children	  born	  into	  families	  who	  occupy	  lower	  social	  
strata.	  Across	  a	  range	  of	  cognitive	  abilities,	  including	  the	  acquisition	  of	  language,	  diverging	  
developmental	  trajectories	  related	  to	  family	  socioeconomic	  status	  (SES)	  emerge	  early,	  even	  
within	  the	  first	  two	  years	  of	  life	  (e.g.	  Fernald,	  Marchman,	  &	  Weisleder,	  2013;	  Noble	  et	  al.,	  
2015).	  A	  large	  body	  of	  research	  findings	  over	  the	  last	  50	  years	  or	  so	  attests	  to	  the	  
robustness	  of	  associations	  between	  SES	  factors	  and	  child	  language,	  while	  at	  the	  same	  time	  
highlighting	  their	  complexity.	  That	  the	  associations	  exist	  is	  generally	  accepted;	  what	  is	  less	  
clearly	  understood	  is	  how	  it	  is	  that	  they	  come	  to	  exist.	  Research	  from	  recent	  years	  has	  
provided	  some	  helpful	  signposts	  towards	  disentangling	  those	  associations	  (e.g.	  Hirsh-­‐Pasek	  
et	  al.,	  2015;	  Pan,	  Rowe,	  Singer,	  &	  Snow,	  2005;	  Vanormelingen	  &	  Gillis,	  2016)	  but	  if	  we,	  as	  a	  
society,	  hope	  to	  improve	  language	  outcomes	  for	  children	  from	  less	  socially	  advantaged	  
backgrounds,	  there	  is	  still	  much	  work	  to	  be	  done.	  	  
This	  thesis	  has	  developed	  in	  response	  to	  a	  large	  population	  based	  Australian	  study	  
evaluating	  the	  effectiveness	  of	  universal	  newborn	  screening	  (UNHS)	  following	  its	  roll-­‐out	  in	  
Australia	  in	  the	  year	  2000.	  The	  Longitudinal	  Outcomes	  of	  Children	  with	  Hearing	  Impairment	  
(LOCHI)	  study	  (Ching,	  Dillon,	  Marnane,	  Hou,	  et	  al.,	  2013)	  has	  been	  following	  children	  
recruited	  from	  three	  Australian	  states	  (New	  South	  Wales,	  Victoria,	  and	  Queensland)	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between	  2002	  and	  2007.	  The	  LOCHI	  aim	  was	  to	  assess	  the	  effects	  of	  early	  diagnosis	  and	  
treatment	  (hearing	  aid	  fitting,	  or	  cochlear	  implantation)	  on	  the	  speech	  and	  language	  
development,	  and	  functional	  and	  social	  outcomes	  of	  these	  children.	  At	  age	  three,	  higher	  
maternal	  education	  emerged	  as	  a	  significant	  predictor	  of	  better	  language	  outcomes	  for	  
hearing-­‐impaired	  children.	  Specifically,	  when	  compared	  to	  children	  of	  mothers	  with	  less	  
than	  a	  high	  school	  education,	  children	  of	  mothers	  with	  a	  university	  degree	  scored	  on	  
average	  6.3	  units	  higher	  on	  a	  global	  factor	  score	  (derived	  from	  measures	  of	  speech	  and	  
language,	  and	  functional	  and	  social	  outcomes).	  Children	  whose	  mothers	  had	  attained	  a	  
diploma	  or	  certificate	  also	  scored	  higher	  than	  the	  children	  of	  mothers	  who	  had	  not	  
completed	  high	  school	  (on	  average,	  a	  difference	  of	  4.2	  units).	  Other	  significant	  predictors	  
included	  female	  gender,	  less	  severe	  hearing	  loss,	  absence	  of	  additional	  disabilities	  and,	  for	  
children	  with	  cochlear	  implants,	  earlier	  age	  of	  switch-­‐on.	  	  
The	  effects	  for	  maternal	  education	  reported	  in	  the	  LOCHI	  results	  exceeded	  what	  has	  
previously	  been	  reported	  for	  a	  large	  cohort	  of	  normal	  hearing	  Australian	  4-­‐year-­‐olds	  (Reilly	  
et	  al.,	  2010).	  In	  that	  study,	  having	  a	  university	  educated	  mother	  placed	  children	  on	  average	  
4.4	  units	  higher	  on	  measures	  of	  receptive	  and	  expressive	  language	  than	  children	  whose	  
mothers	  had	  less	  than	  a	  high	  school	  education.	  Thus,	  the	  early	  LOCHI	  findings	  suggest	  that	  
the	  link	  between	  maternal	  education	  and	  language	  development	  may	  be	  further	  
complicated	  by	  the	  presence	  of	  hearing	  loss.	  However,	  further	  research	  is	  needed	  to	  shed	  
light	  on	  the	  problem.	  As	  is	  often	  the	  case,	  in	  order	  to	  better	  understand	  problems	  faced	  by	  
children	  following	  atypical	  developmental	  trajectories,	  it	  is	  helpful	  to	  first	  understand	  how	  
processes	  operate	  for	  typically	  developing	  children.	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As	  the	  LOCHI	  findings	  demonstrate,	  and	  as	  is	  the	  case	  with	  all	  aspects	  of	  human	  
development,	  biological	  factors	  play	  a	  role	  in	  the	  development	  of	  language	  skills	  	  (e.g.	  Oliver	  
&	  Plomin,	  2007;	  D.	  Rowe,	  Jacobson,	  &	  Van	  den	  Oord,	  1999),	  but	  they	  are	  not	  the	  whole	  
story.	  Children,	  as	  developing	  organisms,	  are	  sensitive	  to	  their	  environments.	  Though	  
evidence	  suggests	  that	  language	  acquisition	  proceeds	  in	  a	  variety	  of	  cross-­‐cultural	  
environments,	  different	  environments	  support	  language	  acquisition	  in	  diverse	  ways	  and	  to	  
different	  degrees	  (Hoff,	  2006).	  Those	  differences,	  in	  turn,	  result	  in	  differences	  in	  the	  speed	  
and	  trajectory	  of	  language	  development,	  both	  at	  an	  individual	  and	  group	  level.	  If	  children	  
from	  backgrounds	  of	  lower	  social	  and	  economic	  advantage	  are	  to	  be	  best	  supported	  in	  
terms	  of	  their	  emerging	  language	  skills,	  then	  it	  is	  important	  to	  try	  to	  gain	  insight	  into	  the	  
constellation	  of	  family	  characteristics	  or	  behaviours	  associated	  with	  SES	  that	  shape	  the	  
environment	  in	  which	  language	  development	  occurs.	  Accordingly,	  this	  thesis	  seeks	  to	  
provide	  a	  deeper	  empirical	  understanding	  of	  the	  association	  between	  maternal	  education	  
and	  early	  language	  development	  for	  children	  with	  normal	  hearing.	  It	  seeks	  to	  do	  so	  by	  
examining	  differences	  in	  infants’	  early	  language	  environments,	  and	  how	  these	  are	  related	  to	  
vocabulary	  acquisition.	  The	  findings	  of	  this	  thesis	  have	  potential	  implications	  for	  the	  
provision	  of	  practical	  support	  for	  parents	  of	  young	  children,	  including	  children	  with	  hearing	  
loss.	  
1.2	  Thesis	  aims	  and	  research	  questions	  	  
The	  specific	  research	  objective	  of	  this	  thesis	  is	  to	  identify	  mediating	  mechanisms	  through	  
which	  the	  association	  between	  maternal	  education	  and	  child	  language	  occurs.	  The	  focus	  is	  
primarily	  on	  children’s	  early	  language	  environment	  at	  home,	  whilst	  also	  considering	  
additional	  factors	  that	  might	  further	  help	  to	  explain	  the	  association.	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The	  central	  research	  questions	  addressed	  in	  this	  thesis	  are:	  	  
1.   To	  what	  extent	  is	  maternal	  education	  related	  to	  children’s	  early	  language	  
experiences	  at	  home?	  
2.   To	  what	  extent	  does	  the	  quantity	  of	  infants’	  earlier	  language	  experience	  mediate	  any	  
observed	  associations	  between	  maternal	  education	  and	  infants’	  early	  expressive	  
vocabulary?	  	  	  
3.   What	  other	  maternal	  factors	  might	  play	  a	  role	  in	  those	  associations?	  
1.3	  Thesis	  structure	  
Chapter	  2	  provides	  background	  literature	  necessary	  to	  establish	  the	  research	  context.	  It	  
offers	  an	  overview	  of	  some	  theoretical	  approaches	  that	  can	  be	  taken	  when	  studying	  
associations	  between	  SES	  and	  child	  development.	  This	  is	  followed	  by	  a	  historical	  review	  of	  
some	  key	  research	  findings	  that	  have	  contributed	  to	  our	  understanding	  of	  the	  relationship	  
between	  SES	  and	  child	  language.	  It	  then	  discusses	  the	  importance	  of	  parental	  speech	  input	  
to	  children’s	  developing	  language	  skills	  and	  highlights	  other	  factors	  that	  may	  play	  a	  
mediating	  role	  in	  the	  current	  context.	  Finally,	  it	  outlines	  the	  research	  approach	  taken	  in	  this	  
study,	  identifying	  sets	  of	  sub-­‐questions	  to	  be	  addressed	  in	  order	  to	  answer	  the	  study’s	  key	  
research	  questions.	  Those	  sub-­‐questions	  are	  subsequently	  addressed	  in	  Chapters	  3,	  4,	  and	  
5.	  
Chapter	  3	  describes	  the	  method	  and	  results	  from	  the	  first	  step	  of	  this	  longitudinal	  
investigation,	  in	  which	  speech	  input	  was	  the	  focus,	  and	  the	  amount	  of	  infants’	  linguistic	  
experience	  at	  home	  was	  examined	  in	  relation	  to	  maternal	  education.	  To	  do	  this,	  automatic	  
speech	  processing	  technology	  was	  used	  to	  estimate	  the	  amount	  of	  infants’	  linguistic	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experience	  at	  home,	  first	  when	  infants	  were	  between	  6	  and	  9	  months	  old,	  and	  again	  when	  
they	  were	  between	  12	  and	  15	  months	  old.	  	  	  
Chapter	  4	  provides	  a	  description	  and	  findings	  of	  the	  later	  steps	  of	  the	  investigation,	  in	  which	  
the	  research	  focus	  shifts	  to	  the	  development	  of	  spoken	  language	  skills	  in	  the	  second	  year.	  
Here,	  infants’	  expressive	  vocabulary	  at	  two	  ages	  was	  measured	  using	  a	  parent-­‐report	  
vocabulary	  inventory,	  first	  when	  they	  were	  between	  12	  and	  15	  months	  old,	  and	  again	  at	  19	  
months.	  Vocabulary	  size	  at	  both	  ages	  and	  vocabulary	  growth	  between	  the	  two	  ages	  are	  
discussed	  in	  relation	  to	  a)	  maternal	  education	  and	  b)	  earlier	  linguistic	  experience.	  	  	  
Chapter	  5	  explores	  a	  number	  of	  other	  factors	  for	  their	  potential	  role	  in	  the	  link	  between	  
maternal	  education	  and	  children’s	  expressive	  language	  skills.	  Since	  the	  overall	  focus	  of	  the	  
thesis	  is	  on	  factors	  related	  to	  maternal	  education,	  the	  chapter	  focuses	  on	  maternal	  
characteristics.	  Specifically,	  it	  looks	  at	  the	  potential	  role	  of	  mothers’	  verbal	  and	  non-­‐verbal	  
cognitive	  ability,	  knowledge	  of	  child	  development,	  feelings	  of	  self-­‐efficacy,	  received	  and	  
perceived	  social	  support,	  and	  emotional/psychological	  well-­‐being.	  	  The	  chapter	  does,	  
however,	  also	  incorporate	  some	  discussion	  of	  the	  role	  of	  paternal	  education	  in	  this	  context.	  	  	  
Chapter	  6	  integrates	  the	  results	  from	  Chapters	  3,	  4,	  and	  5,	  to	  address	  the	  study’s	  key	  
research	  questions.	  It	  provides	  a	  general	  discussion	  of	  the	  study’s	  overall	  findings	  and	  their	  
implications.	  Limitations	  and	  potential	  future	  directions	  are	  also	  discussed.	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Chapter	  2:	  Background	  
In	  the	  theoretical	  literature	  on	  cognitive	  development,	  there	  exists	  no	  one	  universally	  
accepted,	  unified	  theory	  of	  language	  acquisition.	  Debates	  over	  the	  origins	  of	  human	  
language	  have	  spanned	  centuries	  and	  will	  likely	  continue	  for	  many	  years	  to	  come.	  However,	  
in	  the	  eyes	  of	  some	  contemporary	  developmental	  researchers	  the	  nature-­‐nurture	  debate	  is	  
no	  longer	  particularly	  fruitful,	  or	  interesting,	  and	  has	  been	  the	  cause	  of	  a	  “conceptual	  
paralysis”	  in	  the	  field	  (Hollich,	  Hirsh-­‐Pasek,	  Tucker,	  &	  Golinkoff,	  2000,	  p.10).	  As	  such,	  the	  
end	  of	  the	  20th	  century	  has	  seen	  a	  paradigm	  shift	  in	  the	  field,	  as	  developmental	  researchers	  
turn	  their	  focus	  towards	  new	  questions	  (see	  Lewkowicz,	  2011	  for	  a	  discussion	  of	  what	  this	  
paradigm	  shift	  means	  for	  the	  study	  of	  infancy).	  These	  days,	  developmental	  researchers	  
commonly	  take	  a	  more	  holistic	  view	  of	  development,	  acknowledging	  that,	  even	  from	  the	  
moment	  of	  conception,	  environmental	  factors	  impact	  on	  the	  development	  of	  neural	  
mechanisms	  that	  underlie	  emerging	  cognitive	  abilities	  (e.g.	  Boyce	  &	  Kobor,	  2015;	  Karmiloff-­‐
Smith,	  2009;	  Lewkowicz,	  2000;	  Thelen	  &	  Smith,	  1994).	  Correspondingly,	  some	  more	  
contemporary	  theoretical	  perspectives	  on	  first	  language	  acquisition	  (Arshavsky,	  2009;	  
Hollich	  et	  al.,	  2000;	  Kuhl,	  2007;	  Werker	  &	  Hensch,	  2015)	  recognise	  language	  development	  as	  
a	  complex	  process	  within	  which	  genetic	  factors	  play	  a	  role	  but,	  on	  their	  own,	  provide	  
insufficient	  explanations	  for	  individual	  variation	  in	  developmental	  outcomes.	  	  As	  will	  
become	  evident	  in	  this	  chapter,	  this	  thesis	  reflects	  a	  compatible	  view.	  
Children,	  as	  developing	  organisms,	  are	  sensitive	  to	  their	  environments,	  and	  other	  
people	  make	  up	  part	  of	  those	  environments.	  Consequently,	  the	  dynamic	  system	  of	  
relationships	  a	  child	  is	  born	  into,	  within	  the	  family	  and	  between	  the	  family	  and	  other	  
networks,	  forms	  an	  important	  environmental	  factor.	  The	  bioecological	  model	  of	  
7	  
	  
development	  describes	  the	  social	  contexts	  in	  which	  children	  live	  and	  develop	  as	  a	  nested	  set	  
of	  systems	  surrounding	  the	  child	  (Bronfenbrenner	  &	  Morris,	  2006).	  More	  distal	  systems	  
include	  cultural,	  ethnic,	  and	  socioeconomic	  factors.	  For	  the	  developing	  infant,	  the	  most	  
proximal	  system	  is	  their	  family.	  According	  to	  the	  model,	  more	  distal	  systems	  shape	  the	  more	  
proximal	  systems	  that	  affect	  the	  infant’s	  immediate	  social	  environment,	  as	  they	  shape	  the	  
family’s	  access	  to	  resources,	  social	  support	  networks,	  etc.	  However,	  we	  understand	  that	  
diverse	  social	  circumstances	  support	  language	  acquisition	  in	  diverse	  ways	  and	  to	  differing	  
degrees	  (Hoff,	  2006).	  Correspondingly,	  many	  contemporary	  child	  language	  researchers	  and	  
social	  scientists	  are	  interested	  in	  dynamic	  social	  contexts	  and	  systems	  within	  which	  
language	  development	  occurs,	  and	  the	  processes	  involved	  therein.	  One	  environmental	  
factor	  that	  remains	  a	  topic	  of	  great	  interest	  to	  developmental	  researchers	  is	  family	  
socioeconomic	  status	  (SES).	  	  
Since	  around	  the	  mid-­‐1900s	  family	  SES	  has	  been	  reported	  as	  a	  strong	  predictor	  of	  
outcomes	  in	  many	  aspects	  of	  child	  development,	  from	  health	  outcomes	  (e.g.	  Boyle,	  Racine,	  
&	  Georgiades,	  2006)	  to	  cognitive	  abilities	  and	  academic	  achievement	  in	  childhood	  (see	  
Bradley	  &	  Corwyn,	  2002;	  Hartas,	  2011)	  and	  into	  adolescence	  (Pokropek,	  Borgonovi,	  &	  
Jakubowski,	  2015).	  One	  aspect	  of	  cognitive	  development	  in	  which	  socioeconomic	  disparities	  
manifest,	  possibly	  more	  than	  in	  any	  other	  area	  (Farah	  et	  al.,	  2006;	  Noble,	  McCandliss,	  &	  
Farah,	  2007;	  Noble,	  Norman,	  &	  Farah,	  2005),	  is	  in	  children’s	  language	  abilities.	  There	  is	  now	  
a	  large	  body	  of	  literature	  on	  the	  topic.	  However,	  despite	  the	  breadth	  of	  the	  research	  carried	  
out	  so	  far,	  many	  questions	  still	  remain	  unanswered.	  The	  following	  sections	  provide	  an	  




2.1	  The	  association	  between	  SES	  and	  language	  development	  
Decades	  of	  developmental	  research	  have	  provided	  evidence	  that	  socioeconomic	  advantage	  
is	  linked	  to	  better	  child	  language	  outcomes,	  and	  SES-­‐related	  disparities	  in	  children’s	  
language	  skills	  emerge	  early	  in	  life	  (Fernald,	  Marchman,	  &	  Weisleder,	  2013;	  Hupp,	  Munala,	  
Kaffenberger,	  &	  Hensley	  Wessell,	  2011;	  Noble	  et	  al.,	  2015).	  Though	  the	  research	  
investigating	  such	  disparities	  in	  the	  first	  year	  is	  scant,	  one	  recent	  study	  suggests	  differences	  
may	  even	  emerge	  within	  the	  first	  year	  (Betancourt,	  Brodsky,	  &	  Hurt,	  2015).	  Vocabulary	  is	  
one	  aspect	  of	  language	  development	  that	  seems	  to	  be	  particularly	  sensitive	  to	  the	  influence	  
of	  SES	  (Hoff,	  2013;	  Noble	  et	  al.,	  2005).	  During	  toddlerhood,	  children	  of	  wealthier	  and/or	  
more	  educated	  parents	  have	  larger,	  and	  more	  diverse,	  vocabularies	  (Dollaghan	  et	  al.,	  1999;	  
Fernald,	  Marchman,	  &	  Weisleder,	  2013;	  Hart	  &	  Risley,	  1995;	  Hoff,	  2003b;	  Hoff	  &	  Tian,	  2005;	  
Huttenlocher,	  Waterfall,	  Vasilyeva,	  Vevea,	  &	  Hedges,	  2010;	  Morgan,	  Farkas,	  Hillemeier,	  
Hammer,	  &	  Maczuga,	  2015).	  They	  also	  show	  greater	  vocabulary	  growth	  between	  1	  and	  3	  
years	  (Hart	  &	  Risley,	  1995;	  Hoff,	  2003b;	  Rowe,	  Raudenbush,	  &	  Goldin-­‐Meadow,	  2012).	  	  
These	  early	  spoken	  language	  advantages	  translate	  to	  advantages	  as	  children	  enter	  
school	  (e.g.	  Walker,	  Greenwood,	  Hart,	  &	  Carta,	  1994).	  Children	  with	  larger	  vocabularies	  at	  
age	  2	  function	  at	  a	  higher	  level	  academically	  at	  kindergarten	  entry	  (Morgan	  et	  al.,	  2015);	  
those	  who	  show	  greater	  expressive	  vocabulary	  growth	  between	  1	  and	  2.5	  years	  have	  better	  
language	  skills	  at	  4.5	  years	  (Rowe	  et	  al.,	  2012).	  As	  will	  be	  discussed	  in	  Section	  2.2.6,	  SES	  can	  
be	  measured	  in	  different	  ways	  –	  typically	  by	  household	  income,	  parental	  occupation	  or	  
parental	  education,	  or	  area	  of	  residence	  –	  and	  it	  appears	  certain	  aspects	  of	  SES	  may	  be	  
more	  relevant	  to	  different	  facets	  of	  family	  and	  child	  behaviours	  (Duncan	  &	  Magnuson,	  2003,	  
2012;	  Smith	  &	  Graham,	  1995).	  Section	  2.2.6.1	  cites	  evidence	  suggesting	  that	  when	  it	  comes	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to	  child	  language	  development	  maternal	  education	  is	  an	  aspect	  of	  SES	  that	  is	  of	  particular	  
relevance	  to	  child	  outcomes.	  	  
2.2	  Theoretical	  approaches	  to	  studying	  SES	  and	  development.	  	  
There	  are	  varying	  theoretical	  perspectives	  on	  how	  SES	  enters	  the	  developmental	  trajectory.	  
This	  section	  provides	  an	  overview	  of	  some	  theoretical	  approaches	  that	  can	  be	  taken	  when	  
studying	  the	  relationship	  between	  SES	  and	  child	  development,	  including	  some	  of	  the	  issues	  
that	  arise	  and	  decisions	  that	  need	  to	  be	  made	  around	  measuring	  and	  modelling.	  Here	  we	  
will	  discuss	  some	  examples	  of	  models	  that	  have	  been	  put	  forward	  to	  explain	  the	  potential	  
mechanisms	  through	  which	  SES	  is	  related	  to	  family	  processes	  and	  development.	  Before	  we	  
begin	  our	  discussion	  of	  approaches	  to	  studying	  SES,	  though,	  it	  is	  helpful	  to	  have	  a	  clear	  
conception	  of	  what	  SES	  is,	  so	  we	  will	  begin	  there.	  
2.2.1	  What	  is	  SES?	  	  
It	  is	  generally	  understood	  that	  SES	  is	  an	  index	  of	  social	  position,	  but	  it	  is	  not	  a	  single	  index;	  
SES	  has	  multiple	  components.	  Coleman’s	  (1988)	  conception	  of	  capital,	  which	  refers	  to	  a	  
person	  (or	  family’s)	  resources	  and	  assets,	  provides	  a	  useful	  conceptual	  framework	  when	  
addressing	  questions	  concerning	  SES.	  Coleman	  identified	  three	  forms	  of	  capital:	  financial,	  
social,	  and	  human.	  Financial	  capital	  is	  the	  most	  tangible	  component,	  encompassing	  the	  
material	  resources	  (e.g.	  food,	  housing	  etc.)	  afforded	  by	  a	  family’s	  income	  or	  wealth.	  Social	  
capital	  is	  the	  least	  tangible	  component,	  existing	  in	  a	  network	  of	  relationships	  between	  
people;	  it	  incorporates	  resources	  acquired	  through	  relationships	  within	  the	  family	  and	  
through	  the	  family’s	  connections	  within	  the	  community.	  Within	  the	  family,	  social	  capital	  
could	  be	  measured	  by	  things	  like	  family	  structure	  (e.g.	  number	  of	  adults	  in	  the	  home,	  or	  
ratio	  of	  adults	  to	  children	  in	  the	  home);	  the	  physical	  presence	  of	  adults	  and	  the	  attention	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they	  are	  able	  to	  provide	  to	  a	  child	  impact	  on	  the	  child’s	  access	  to	  adult	  human	  capital.	  In	  
terms	  of	  tangibility,	  human	  capital	  is	  positioned	  between	  financial	  and	  social	  capital.	  It	  
includes	  the	  set	  of	  non-­‐material	  resources	  acquired	  by	  a	  person,	  and	  is	  “created	  by	  changes	  
in	  persons	  that	  bring	  about	  skills	  and	  capabilities	  that	  make	  them	  able	  to	  act	  in	  new	  ways”	  
(Coleman,	  1988,	  p.	  S100).	  Human	  capital	  can	  be	  indexed	  by	  parents’	  education	  and	  can	  be	  
seen	  as	  setting	  the	  scene	  for	  a	  cognitive	  environment	  that	  supports	  children’s	  learning	  and	  
achievements.	  Further	  along	  in	  our	  discussion	  we	  will	  again	  draw	  from	  Coleman’s	  
conception	  of	  capital,	  but	  for	  now,	  we	  will	  take	  a	  step	  back	  and	  look	  at	  some	  broad	  
approaches	  to	  studying	  SES.	  	  
2.2.2	  Modelling	  the	  link	  between	  SES	  and	  development	  –	  cause	  or	  consequence?	  
When	  it	  comes	  to	  the	  relationship	  between	  SES	  and	  development,	  SES	  is	  sometimes	  studied	  
as	  an	  outcome	  and	  sometimes	  as	  a	  predictor,	  but	  more	  commonly	  as	  a	  predictor	  (see	  Hoff,	  
Laursen,	  &	  Bridges,	  2012).	  Conceptually,	  models	  that	  posit	  SES	  as	  an	  outcome	  are	  generally	  
categorised	  as	  social	  selection	  models;	  they	  view	  SES	  as	  a	  consequence	  of	  an	  array	  of	  
individual	  differences.	  In	  such	  models,	  the	  developmental	  outcome	  is	  typically	  SES	  in	  
adulthood.	  By	  contrast,	  models	  that	  posit	  SES	  as	  a	  predictor	  of	  child	  outcomes	  fall	  into	  the	  
category	  of	  social	  causation	  models;	  they	  view	  SES	  as	  the	  cause	  and	  child	  outcomes	  as	  the	  
effect.	  	  Social	  causation	  models	  view	  the	  association	  between	  SES	  and	  development	  as	  
unidirectional;	  social	  conditions	  influence	  people’s	  lives	  across	  time	  and	  lead	  to	  differences	  
in	  various	  aspects	  of	  human	  functioning.	  Most	  of	  the	  research	  on	  SES	  and	  child	  
development,	  whether	  it	  does	  so	  explicitly	  or	  not,	  typically	  reflects	  this	  view	  (see	  Hoff	  et	  al.,	  
2012).	  Another	  group	  of	  models	  is	  transactional	  –	  they	  treat	  SES	  as	  a	  predictor,	  outcome,	  
and	  mediating	  variable	  across	  different	  stages	  of	  life.	  The	  following	  sections	  will	  describe	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some	  existing	  models	  that	  reflect	  these	  differing	  perspectives	  on	  the	  link	  between	  SES	  and	  
human	  development.	  
2.2.3	  Social	  Selection	  	  
The	  social	  selection	  perspective	  (e.g.	  Mayer,	  1997;	  D.	  Rowe	  &	  Rodgers,	  1997)	  views	  SES	  as	  a	  
collection	  of	  outcomes	  resulting	  from	  individual	  differences	  (e.g.	  in	  intelligence	  and	  
personality)	  that	  facilitate	  the	  attainment	  of	  socioeconomic	  advantage.	  From	  this	  
perspective,	  positive	  parental	  attributes	  that	  seem	  to	  influence	  SES	  can	  be	  passed	  on	  to	  
children	  (e.g.	  genetically;	  D.	  Rowe	  &	  Rodgers,	  1997),	  and	  it	  is	  the	  transmission	  of	  those	  
qualities	  that	  improves	  children’s	  chances	  of	  achieving	  good	  outcomes,	  regardless	  of	  
parental	  income	  (e.g.	  Mayer,	  1997).	  An	  important	  feature	  of	  this	  perspective	  is	  that	  any	  
observed	  relationships	  between	  parental	  SES	  and	  child	  outcomes	  are	  immaterial	  because	  
both	  are	  attributable	  to	  particular	  parental	  characteristics	  (Conger	  &	  Donnellan,	  2007).	  	  
2.2.4	  Social	  Causation	  	  
In	  social	  causation	  models	  hypothesised	  causal	  pathways	  may	  be	  direct	  or	  indirect,	  though	  
more	  recent	  models	  tend	  to	  be	  mediated	  models	  (see	  Hoff	  et	  al.,	  2012).	  In	  mediated	  models	  
(e.g.	  see	  Figure	  1),	  SES	  is	  typically	  linked	  to	  other	  factors	  that	  contribute	  to	  children’s	  
experiences	  –	  family	  processes,	  for	  example	  –	  that	  in	  turn	  influence	  developmental	  
outcomes.	  Two	  often-­‐cited	  models	  that	  reflect	  an	  indirect	  causal	  relationship	  between	  SES	  
and	  development	  through	  family	  processes	  are	  the	  family	  stress	  model	  (Conger	  et	  al.,	  1992)	  
and	  the	  family	  investment	  model	  (e.g.	  Conger	  &	  Conger,	  2002;	  Conger	  &	  Donnellan,	  2007).	  	  
The	  family	  stress	  model	  proposes	  that	  economic	  hardship	  (e.g.	  low	  income,	  a	  high	  ratio	  of	  
debts	  to	  assets,	  or	  job	  instability)	  creates	  economic	  pressure	  in	  the	  family	  through	  
experiences	  of	  unmet	  material	  needs.	  Those	  experiences	  negatively	  affect	  parents’	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psychological/emotional	  well-­‐being,	  which	  impedes	  their	  ability	  to	  be	  involved	  and	  
nurturing	  parents	  who	  can	  provide	  a	  home	  environment	  that	  supports	  child	  development.	  	  
The	  family	  investment	  model,	  based	  on	  principles	  of	  economic	  investment,	  builds	  on	  the	  
concept	  that	  higher-­‐SES	  parents,	  compared	  to	  lower-­‐SES	  parents,	  have	  better	  access	  to	  the	  
types	  of	  capital	  described	  by	  Coleman	  (1988):	  financial,	  social	  and	  human.	  By	  having	  greater	  
access	  to	  resources	  (both	  material	  and	  personal),	  they	  are	  in	  a	  better	  position	  to	  invest	  
those	  resources	  in	  materials	  and	  activities	  that	  support	  their	  children’s	  development.	  By	  
contrast,	  lower-­‐SES	  parents	  with	  less	  access	  to	  resources	  likely	  need	  to	  direct	  their	  
resources	  to	  meeting	  more	  immediate	  family	  needs	  (Conger	  &	  Donnellan,	  2007).	  
	  
	  
2.2.5	  The	  Interactionist	  Perspective	  
Another	  type	  of	  model	  views	  SES	  as	  both	  a	  predictor	  variable	  and	  a	  mediating	  variable,	  that	  
is,	  developmental	  outcomes	  are	  shaped	  by,	  but	  also	  shape,	  SES.	  One	  such	  model	  is	  the	  
interactionist	  model	  of	  SES	  and	  human	  development	  (Conger	  &	  Donnellan,	  2007).	  It	  is	  a	  
lifespan	  model	  hypothesised	  to	  explain	  the	  intergenerational	  transmission	  of	  SES.	  The	  
model	  proposes	  that	  characteristics	  (e.g.	  intelligence,	  social	  competence,	  skills,	  diligence	  
etc.)	  of	  generation	  one	  (G1)	  during	  childhood	  and	  adolescence	  will	  be	  associated	  with	  (their)	  
SES	  in	  adulthood	  (social	  selection).	  That	  in	  turn	  will	  influence	  the	  outcomes	  of	  generation	  
two	  (G2)	  through	  multiple	  avenues.	  Firstly,	  the	  model	  proposes	  a	  direct	  pathway	  between	  
	  Figure	  1	  Mediated	  social	  causation	  model,	  as	  reproduced	  from	  Hoff	  et	  al.,	  2012	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personal	  attributes	  of	  the	  parents	  (G1)	  and	  the	  well-­‐being	  of	  the	  children	  (G2)	  –	  transmitted	  
biologically	  or	  via	  social	  learning	  processes	  (social	  selection).	  Secondly,	  the	  way	  the	  parents	  
(G1)	  invest	  in	  their	  children	  will	  influence	  the	  children’s	  (G2)	  outcomes	  (family	  investment	  
model).	  Finally,	  the	  social	  and	  cognitive	  skills	  of	  the	  parents	  (G1)	  will	  influence	  the	  
occurrence	  of	  family	  stressors	  related	  to	  SES	  (family	  stress	  model),	  which	  will	  also	  influence	  
the	  outcomes	  of	  the	  children	  (G2).	  Proper	  testing	  of	  such	  a	  model	  requires	  careful	  
intergenerational	  studies,	  carried	  out	  over	  long	  periods	  of	  time	  (Conger	  &	  Donnellan,	  2007;	  
Hoff	  et	  al.,	  2012),	  so	  to	  date	  it	  remains	  largely	  untested.	  Since	  such	  testing	  is	  also	  well	  
beyond	  the	  scope	  of	  the	  current	  study,	  our	  discussion	  of	  the	  model	  will	  not	  extend	  beyond	  
the	  description	  provided	  here.	  	  
2.2.6	  Modelling	  SES	  effects	  on	  language	  development	  
When	  it	  comes	  to	  approaching	  the	  study	  of	  the	  study	  of	  SES	  effects	  on	  language	  
development	  specifically	  a	  recent	  review	  provides	  a	  useful	  conceptual	  framework	  (Pace,	  
Luo,	  Hirsh-­‐Pasek,	  &	  Golinkoff,	  2017).	  The	  conceptual	  model	  posited	  by	  Pace	  et	  al	  (see	  Figure	  
2)	  identifies	  three	  potential	  interacting	  pathways	  through	  which	  SES	  might	  exert	  an	  
influence	  on	  verbal	  ability:	  characteristics	  of	  the	  child,	  the	  quantity	  and	  quality	  of	  
interactions	  between	  parents	  and	  children,	  and	  the	  richness	  of	  the	  learning	  environment	  
outside	  of	  the	  home.	  It	  is	  the	  second	  of	  these,	  the	  pathway	  via	  parent-­‐child	  interactions,	  
that	  is	  of	  most	  interest	  in	  this	  thesis	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Figure	  2	  Pace	  et	  al.'s	  conceptual	  model	  of	  three	  possible	  pathways	  for	  the	  association	  between	  socioeconomic	  





2.2.7	  Measuring	  SES	  	  
Now	  that	  we	  have	  a	  conception	  of	  SES,	  and	  an	  understanding	  of	  some	  different	  approaches	  
to	  studying	  it,	  an	  important	  next	  step	  is	  to	  decide	  how	  to	  measure	  SES.	  When	  considering	  
relationships	  between	  SES	  and	  child	  development	  we	  need	  to	  remember	  that	  SES	  
incorporates	  multiple	  components,	  and	  it	  appears	  that	  separate	  components	  of	  SES	  impact	  
in	  a	  different	  way	  on	  various	  areas	  of	  development	  (Conger	  &	  Donnellan,	  2007;	  Duncan	  &	  
Magnuson,	  2003,	  2012;	  Smith	  &	  Graham,	  1995).	  Thus,	  studying	  the	  separate	  components	  of	  
SES	  in	  relation	  to	  specific	  areas	  of	  development	  is	  useful	  if	  we	  are	  to	  properly	  understand	  
children’s	  development	  and	  family	  functioning	  (Bornstein,	  Hahn,	  Suwalsky,	  &	  Haynes,	  2003).	  	  
The	  general	  consensus	  in	  measuring	  SES	  seems	  to	  be	  that	  investigators	  are	  wise	  to	  
measure	  multiple	  components,	  but	  to	  analyse	  those	  components	  separately	  rather	  than	  
combining	  them	  into	  one	  index	  (Bornstein	  et	  al.,	  2003;	  Duncan	  &	  Magnuson,	  2003;	  Entwisle	  
&	  Astone,	  1994).	  At	  the	  same	  time,	  depending	  on	  the	  research	  context,	  particular	  SES	  
indices	  may	  be	  more	  relevant	  than	  others	  (e.g.	  Noble	  et	  al.,	  2015),	  so	  the	  research	  question	  
should	  dictate	  the	  method	  (Entwisle	  &	  Astone,	  1994;	  Hauser,	  1994).	  To	  provide	  an	  example,	  
although	  income	  differences	  may	  be	  quite	  relevant	  when	  studying	  outcomes	  of	  children	  
living	  in	  poverty,	  where	  even	  modest	  differences	  might	  have	  weighty	  effects,	  the	  same	  
differences	  may	  be	  less	  relevant,	  and	  may	  not	  operate	  in	  the	  same	  way,	  for	  children	  living	  
outside	  of	  poverty	  (Hoffman,	  2003).	  For	  the	  most	  part,	  parental	  education	  (typically	  
maternal	  education)	  is	  the	  SES	  indicator	  used	  in	  child	  development	  research	  (Ensminger	  &	  




One	  argument	  for	  measuring	  SES	  by	  parental	  education	  is	  that	  in	  developmental	  
psychology	  the	  relationship	  between	  parental	  education	  and	  children’s	  cognitive	  
development	  is	  one	  of	  the	  most	  robust	  findings,	  remaining	  relatively	  stable	  for	  the	  last	  fifty	  
years	  or	  so	  (Reardon,	  2011).	  A	  second	  argument	  relates	  to	  Coleman’s	  conception	  of	  capital	  
(1988);	  parental	  education	  provides	  a	  measure	  of	  human	  capital,	  which,	  according	  to	  
Coleman’s	  conception,	  is	  the	  most	  relevant	  form	  of	  capital	  when	  considering	  the	  cognitive	  
environment	  in	  which	  children’s	  learning	  occurs.	  A	  third	  argument	  stems	  from	  a	  relevant	  
practical	  concern	  regarding	  ease	  of	  data	  collection.	  Information	  about	  income	  is	  the	  most	  
sensitive	  information	  to	  gather;	  parents	  can	  find	  questions	  about	  income	  intrusive	  so	  they	  
can	  be	  unwilling	  to	  share	  the	  information,	  or	  feel	  a	  certain	  reservation	  if	  they	  do.	  Therefore,	  
asking	  for	  this	  kind	  data	  can	  put	  the	  research	  project	  at	  risk.	  By	  contrast,	  people	  tend	  to	  be	  
comfortable	  providing	  information	  about	  education	  and	  occupation	  (Ensminger	  &	  Fothergill,	  
2003;	  Entwisle	  &	  Astone,	  1994;	  Hoffman,	  2003).	  	  
Another	  argument	  for	  using	  parental	  education	  concerns	  its	  relative	  stability	  across	  
childhood,	  compared	  to	  income	  and	  occupation,	  which	  are	  more	  prone	  to	  fluctuation	  
(Duncan	  &	  Magnuson,	  2003,	  2012;	  Gottfried,	  Gottfried,	  Bathurst,	  Guerin,	  &	  Parramore,	  
2003;	  Hauser,	  1994).	  Since	  many	  (though	  not	  all)	  parents	  have	  already	  completed	  their	  
education	  prior	  to	  having	  children,	  it	  does	  not	  tend	  to	  increase	  drastically	  over	  time	  
(Gottfried	  et	  al.,	  2003).	  It	  should	  be	  noted,	  however,	  that	  in	  our	  changing	  social	  climate	  
many	  women,	  particularly	  those	  from	  educationally	  and	  economically	  disadvantaged	  
backgrounds,	  return	  to	  education	  after	  the	  birth	  of	  their	  children.	  Nevertheless,	  as	  Gottfried	  
et	  al.	  (2003)	  rightly	  point	  out,	  unlike	  income	  or	  occupational	  status,	  parental	  education	  
cannot	  decrease,	  so	  in	  that	  sense	  it	  is	  still	  the	  more	  stable	  indicator.	  For	  the	  reasons	  
discussed	  here,	  parental	  education	  stands	  as	  an	  appropriate	  SES	  indicator	  in	  the	  current	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context.	  In	  the	  next	  section,	  we	  will	  discuss	  why	  maternal	  education	  in	  particular	  is	  the	  SES	  
factor	  we	  will	  concentrate	  on	  in	  our	  investigation.	  	  
2.2.7.1	  Maternal	  education	  as	  a	  relevant	  SES	  component	  for	  child	  language	  
development	  
In	  contemporary	  Australia,	  as	  is	  common	  in	  many	  middle-­‐class	  Western	  cultures,	  mothers	  
tend	  to	  be	  the	  primary	  caregivers.	  According	  to	  recent	  statistics,	  compared	  to	  Australian	  
fathers,	  Australian	  mothers	  typically	  spend	  twice	  as	  many	  hours	  per	  day	  caring	  for	  children	  
(Australian	  Bureau	  of	  Statistics,	  n.d).	  Here,	  we	  draw	  again	  from	  the	  bioecological	  model	  
(Bronfenbrenner	  &	  Morris,	  2006)	  and	  Coleman’s	  (1988)	  concept	  of	  human	  capital,	  which	  
places	  parents’	  skills	  and	  knowledge	  at	  the	  centre	  of	  the	  cognitive	  environment	  children	  
learn	  in.	  Viewed	  through	  that	  lens,	  it	  is	  reasonable	  to	  think	  that	  for	  a	  child	  growing	  up	  in	  
Australia’s	  dominant	  culture,	  the	  human	  capital	  provided	  by	  their	  mother	  may	  hold	  
particular	  relevance	  for	  the	  child’s	  proximal	  learning	  environment.	  A	  considerable	  body	  of	  
evidence	  provides	  support	  for	  such	  a	  view,	  some	  examples	  of	  which	  we	  will	  touch	  on	  briefly	  
here.	  	  
There	  is	  evidence	  to	  suggest	  that	  except	  in	  cases	  of	  extreme	  poverty	  mothers’	  
education	  is	  the	  SES	  factor	  most	  closely	  related	  to	  a	  number	  of	  child	  outcomes	  (e.g.	  Boyle	  et	  
al.,	  2006)	  and	  parenting	  practices	  (Hoff,	  2003a).	  Maternal	  education	  has	  been	  shown	  as	  a	  
“unique	  and	  consistent	  predictor”	  (Bornstein	  et	  al.,	  2003,	  p.	  66)	  of	  mother	  and	  infant	  
behaviours.	  Moreover,	  there	  is	  evidence	  to	  suggest	  that	  more	  highly	  educated	  mothers	  
spend	  more	  time	  engaged	  in	  active	  child	  care	  (including	  basic	  care	  and	  play)	  than	  less	  
educated	  mothers	  do,	  particularly	  during	  infancy	  and	  toddlerhood	  (Kalil,	  Ryan,	  &	  Corey,	  
2012).	  As	  will	  be	  discussed	  further	  in	  later	  sections,	  in	  the	  developmental	  language	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literature,	  evidence	  from	  a	  number	  of	  studies	  has	  linked	  maternal	  education	  to	  child	  
language	  outcomes	  (Campbell	  et	  al.,	  2003;	  Dollaghan	  et	  al.,	  1999;	  Fewell	  &	  Deutscher,	  2004;	  
Hoff,	  2006;	  Hupp	  et	  al.,	  2011;	  Letts,	  Edwards,	  Sinka,	  Schaefer,	  &	  Gibbons,	  2013;	  Noble	  et	  al.,	  
2007).	  Maternal	  education	  appears	  to	  be	  a	  stronger	  predictor	  of	  children’s	  language	  skills	  
than	  family	  income	  (e.g.	  Rowe,	  2008),	  and	  has	  been	  found	  to	  be	  better	  than	  paternal	  
education	  as	  a	  predictor	  of	  children’s	  productive	  vocabulary	  at	  20	  months	  (Hupp	  et	  al.,	  
2011).	  Although	  a	  lot	  of	  the	  evidence	  in	  this	  area	  pertains	  to	  children	  in	  the	  United	  States,	  
similar	  findings	  have	  also	  been	  reported	  for	  children	  in	  other	  countries,	  for	  example,	  in	  
China	  (Hoff	  &	  Tian,	  2005),	  Israel	  (Korat,	  2009),	  Turkey	  (Muluk,	  Bayoglu,	  &	  Anlar,	  2014),	  
Madagascar	  (L.	  Fernald,	  Weber,	  Galasso,	  &	  Ratsifandrihamanana,	  2011),	  the	  United	  
Kingdom	  (Hartas,	  2011),	  and	  Australia	  (Ching,	  Dillon,	  Marnane,	  &	  Hou,	  2013;	  Christensen,	  
Zubrick,	  Lawrence,	  Mitrou,	  &	  Taylor,	  2014;	  Reilly	  et	  al.,	  2010).	  
Interestingly,	  a	  small	  number	  of	  studies	  have	  demonstrated	  improvements	  in	  young	  
children’s	  language	  and	  cognitive	  skills	  concurrent	  with	  increases	  in	  mothers’	  education,	  but	  
only	  when	  mothers	  had	  low	  levels	  of	  education	  to	  begin	  with	  (Gennetian,	  Magnuson,	  &	  
Morris,	  2008;	  Harding,	  2015;	  Magnuson	  &	  Sexton,	  2009).	  Such	  findings	  make	  a	  case	  for	  a	  
causal	  effect	  of	  maternal	  education;	  however	  additional	  research	  is	  needed	  before	  a	  causal	  
role	  can	  be	  established.	  Establishing	  maternal	  education	  as	  a	  causal	  factor	  is	  beyond	  the	  
aims	  of	  the	  current	  investigation;	  our	  interest	  is	  in	  understanding	  the	  role	  of	  characteristics	  
associated	  with	  maternal	  education.	  Nevertheless,	  the	  results	  of	  those	  recent	  studies	  
highlight	  a	  point	  that	  bears	  keeping	  in	  mind	  –	  that	  the	  relationship	  between	  maternal	  
education	  and	  child	  language	  skills	  is	  not	  necessarily	  linear;	  differences	  in	  maternal	  
education	  may	  be	  particularly	  salient	  for	  children	  of	  mothers	  who	  have	  lower	  levels	  of	  
education.	  Importantly,	  alongside	  the	  other	  evidence	  touched	  on	  in	  this	  section,	  they	  also	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underline	  the	  need	  to	  better	  understand	  maternal	  education	  as	  a	  particularly	  relevant,	  and	  
complex,	  factor	  in	  children’s	  early	  environment.	  We	  will	  turn	  our	  attention	  now	  to	  some	  of	  
the	  previous	  research	  that	  has	  informed	  our	  understanding	  so	  far.	  	  
2.3	  Historical	  review	  of	  SES	  and	  child	  language	  	  
Up	  until	  the	  1980s,	  much	  of	  the	  research	  on	  child	  language	  development	  studied	  mothers	  
and	  children	  from	  Western,	  middle	  class	  backgrounds	  (this	  is	  still	  an	  issue	  in	  infant	  research	  
to	  date).	  There	  was	  an	  assumption	  that	  the	  language	  experiences	  of	  Western	  middle-­‐class	  
children	  represented	  the	  interactions	  experienced	  by	  all	  children.	  However,	  a	  large	  body	  of	  
research	  since	  the	  1980s	  has	  challenged	  that	  assumption,	  as	  researchers	  have	  observed	  
differences	  in	  how	  parents	  from	  different	  sociocultural	  groups	  talk	  to	  their	  children	  (Hart	  &	  
Risley,	  1992,	  1995;	  Heath,	  1983;	  Hoff-­‐Ginsberg,	  1991).	  The	  results	  of	  a	  number	  of	  studies	  
carried	  out	  since	  then	  indicate	  that	  differences	  in	  early	  language	  experience	  may	  be	  a	  key	  
factor	  in	  the	  relationship	  between	  SES	  and	  children’s	  language	  skills	  (e.g.	  Hoff,	  2003a;	  
Huttenlocher	  et	  al.,	  2010).	  However,	  the	  association	  between	  SES	  factors	  and	  child	  language	  
skills,	  although	  robust,	  is	  a	  complex	  relationship	  about	  which	  there	  is	  still	  much	  left	  to	  learn.	  
The	  following	  sections	  will	  review	  some	  key	  research	  findings	  that	  have	  contributed	  to	  our	  
understanding	  of	  that	  relationship	  so	  far.	  
In	  an	  ethnographic	  study	  of	  two	  communities	  in	  the	  USA,	  Heath	  (1983)	  observed	  
substantially	  different	  patterns	  of	  family	  verbal	  interactions,	  and	  the	  language	  socialisation	  
of	  children,	  between	  the	  two	  communities.	  Families	  in	  the	  two	  communities	  were	  from	  
different	  backgrounds,	  both	  in	  terms	  of	  ethnicity	  and	  social	  strata	  –	  low-­‐income	  African-­‐
American	  families	  in	  one	  and	  middle-­‐class	  European-­‐American	  families	  in	  the	  other.	  
Alongside	  other	  differences,	  one	  thing	  Heath	  noticed	  was	  that	  mothers	  in	  the	  low-­‐income	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African-­‐American	  families	  tended	  to	  elicit	  less	  conversation	  from	  their	  children	  than	  did	  
mothers	  in	  the	  middle-­‐class	  European-­‐American	  families.	  Some	  of	  the	  differences	  Heath	  
observed	  appeared	  to	  be	  related	  more	  to	  differences	  in	  cultural	  communication	  styles,	  
whereas	  others	  appeared	  to	  be	  more	  related	  to	  SES	  differences.	  Heath’s	  observations	  drew	  
attention	  to	  the	  fact	  that	  children’s	  early	  language	  learning	  experiences	  are	  not	  identical;	  
that	  social	  and	  cultural	  differences	  exist	  and	  matter.	  Since	  the	  time	  Heath	  first	  published	  her	  
study,	  a	  long	  branch	  of	  research	  investigating	  socioeconomic	  (and	  cultural)	  differences	  in	  
children’s	  early	  language	  experiences	  has	  grown,	  and	  it	  continues	  to	  grow.	  	  	  
Substantial	  social	  class	  differences	  were	  also	  evident	  in	  the	  language	  use	  of	  working-­‐
class	  and	  upper-­‐middle-­‐class	  mothers	  in	  the	  United	  States	  (Hoff-­‐Ginsberg,	  1991).	  Whether	  it	  
was	  in	  conversation	  with	  other	  adults	  or	  their	  children,	  the	  upper-­‐middle-­‐class	  mothers	  
talked	  more,	  in	  longer	  utterances,	  and	  using	  a	  richer	  vocabulary	  than	  the	  working-­‐class	  
mothers.	  There	  were	  no	  class	  differences	  in	  mothers’	  attitudes	  towards	  their	  children	  as	  
conversational	  partners;	  however,	  in	  interactions	  with	  their	  children	  upper-­‐middle-­‐class	  
mothers	  tended	  to	  use	  less	  talk	  focused	  on	  directing	  behaviour	  and	  more	  talk	  that	  elicited	  
conversation	  from	  their	  children.	  Hoff-­‐Ginsberg	  (1992)	  recommended	  that	  more	  research	  
needed	  to	  be	  directed	  to	  untangling	  how	  the	  amounts	  of	  speech	  children	  hear,	  and	  the	  
properties	  of	  that	  speech,	  influence	  language	  development.	  	  
	  At	  around	  the	  same	  time,	  the	  findings	  of	  a	  landmark	  study	  were	  published	  (Hart	  &	  
Risley,	  1992,	  1995),	  in	  which	  the	  home	  language	  environments	  of	  42	  young	  children	  from	  
varying	  SES	  backgrounds	  in	  the	  United	  States	  were	  studied	  longitudinally.	  The	  study	  
revealed	  distinct	  SES-­‐related	  differences	  between	  families	  in	  terms	  of	  the	  quantity	  of	  their	  
talk.	  Specifically,	  high	  SES	  parents	  —those	  employed	  in	  professional	  occupations	  —	  talked	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more	  to	  their	  children,	  and	  used	  a	  greater	  variety	  of	  words,	  compared	  to	  working	  class	  
parents	  and	  parents	  on	  welfare.	  Furthermore,	  SES	  differences	  in	  family	  talk	  increased	  over	  
time,	  so	  that	  for	  children	  from	  professional	  families,	  compared	  to	  those	  from	  families	  on	  
welfare,	  the	  estimated	  cumulative	  difference	  in	  children’s	  language	  experience	  could	  
equate	  to	  as	  much	  as	  30	  million	  words	  by	  the	  age	  of	  three	  years.	  Correspondingly,	  children	  
from	  higher	  SES	  families	  had	  larger	  vocabularies	  and	  were	  adding	  words	  more	  quickly	  than	  
children	  from	  lower	  SES	  families.	  The	  divergence	  in	  vocabulary	  growth	  continued	  to	  increase	  
as	  children	  got	  older,	  with	  approximately	  60%	  of	  the	  variance	  accounted	  for	  by	  how	  parents	  
spoke	  to	  their	  children	  (Hart	  &	  Risley,	  1995).	  In	  a	  follow-­‐up	  study	  of	  the	  same	  children	  when	  
they	  were	  in	  primary	  school,	  children’s	  vocabulary	  size	  and	  rate	  of	  vocabulary	  growth	  as	  
measured	  at	  age	  three	  strongly	  predicted	  language	  skills	  when	  they	  were	  9	  to	  10	  years	  of	  
age	  (Hart	  &	  Risley,	  2003).	  	  
	   A	  subsequent	  book	  that	  provided	  a	  more	  detailed	  discussion	  of	  Hart	  and	  Risley’s	  initial	  
findings	  (Hart,	  1999),	  made	  a	  further	  observation	  about	  the	  differences	  in	  family	  talk	  that	  
fitted	  with	  Hoff-­‐Ginsberg’s	  earlier	  finding	  (1991).	  That	  is,	  they	  noticed	  that	  the	  higher	  SES	  
parents	  were	  not	  only	  more	  talkative	  with	  their	  children	  overall,	  they	  were	  also	  more	  likely	  
to	  involve	  their	  children	  in	  social	  interactions	  that	  extended	  beyond	  “the	  giving	  and	  getting	  
necessary	  in	  everyday	  life”	  (Hart,	  1999,	  p.3).	  In	  other	  words,	  higher	  SES	  parents	  were	  more	  
likely	  to	  simply	  chat	  with	  their	  children.	  Hart	  and	  Risley’s	  study	  provided	  persuasive	  
evidence,	  not	  only	  that	  the	  language	  experiences	  of	  higher	  SES	  children	  were	  different	  in	  
nature	  from	  those	  of	  their	  lower-­‐SES	  counterparts,	  but	  also	  that	  those	  differences	  benefited	  
children’s	  vocabulary	  development.	  Their	  research	  highlighted	  the	  need	  to	  study	  patterns	  of	  
family	  talk	  if	  we	  are	  to	  better	  understand	  the	  association	  between	  SES	  and	  child	  language.	  In	  
one	  way	  or	  another,	  their	  findings	  have	  been	  the	  catalyst	  for	  a	  considerable	  amount	  of	  the	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research	  that	  has	  been	  carried	  out	  in	  this	  area	  across	  the	  last	  30	  years.	  This	  field	  of	  research	  
has	  not	  been	  without	  its	  critics,	  so	  before	  we	  continue	  with	  our	  review	  we	  will	  take	  a	  
moment	  to	  address	  some	  of	  those	  criticisms.	  	  
2.3.1	  Criticisms	  of	  research	  into	  SES	  and	  language	  
One	  criticism	  of	  some	  of	  the	  research	  into	  SES	  and	  child	  language	  has	  been	  that	  boundaries	  
between	  groups	  based	  on	  economic	  advantage	  often	  also	  represent	  boundaries	  between	  
racial/cultural	  groups	  (e.g.	  Dudley-­‐Marling	  &	  Lucas,	  2009;	  Johnson,	  2015).	  This	  has	  given	  rise	  
to	  philosophical	  debate	  about	  whether	  differences	  in	  language	  use	  reflect	  developmental	  
deficits	  for	  particular	  groups	  of	  children	  or	  whether	  they	  simply	  reflect	  different	  cultural	  
values	  and	  approaches	  to	  language	  socialisation	  (Avineri	  et	  al.,	  2015;	  Callanan	  &	  Waxman,	  
2013;	  Johnson,	  2015),	  for	  example	  as	  described	  by	  Heath	  (1983).	  Some	  have	  argued	  that	  
difficulties	  faced	  by	  less	  academically	  successful	  children,	  particularly	  those	  from	  minority	  
backgrounds,	  simply	  represent	  a	  mismatch	  between	  children’s	  different	  and	  unique	  —but	  
not	  deficient	  —acquired	  language	  skills	  and	  the	  particular	  language	  skills	  required	  to	  be	  
successful	  at	  school	  (see	  Johnson,	  2015).	  From	  that	  view,	  sociocultural	  language	  differences	  
do	  not	  require	  a	  remedy;	  they	  only	  need	  to	  be	  accepted	  and	  embraced	  in	  our	  approaches	  to	  
education	  (Dudley-­‐Marling	  &	  Lucas,	  2009;	  Johnson,	  2015).	  	  
Clearly	  the	  difference	  -­‐	  deficit	  debate	  is	  a	  politically	  sensitive	  topic,	  and	  from	  a	  
philosophical	  perspective	  perhaps	  the	  holistic	  solution	  lies	  in	  a	  complete	  overhaul	  of	  our	  
education	  systems	  (such	  questions	  will	  remain	  outside	  the	  focus	  of	  this	  thesis).	  However,	  as	  
Hoff	  (2013)	  points	  out,	  a	  particular	  pedagogical	  approach	  cannot	  change	  the	  fact	  that	  
reading	  skills	  rely	  on	  oral	  language	  skills.	  The	  reality	  is	  that	  many	  children	  from	  lower-­‐SES	  
backgrounds	  arrive	  at	  school	  with	  weaker	  oral	  language	  skills;	  the	  resulting	  problem	  is	  that	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they	  face	  difficulties	  at	  school	  because	  of	  those	  skills.	  If	  we	  ignore	  early	  language	  differences	  
and	  their	  consequences	  for	  reading	  and	  related	  school	  success,	  we	  cannot	  support	  the	  
children	  in	  most	  need	  of	  it.	  Similarly,	  though	  we	  need	  to	  be	  aware	  of	  valid	  concerns	  about	  
not	  blaming	  parents	  when	  children’s	  language	  skills	  may	  be	  lacking,	  if	  we	  ignore	  the	  role	  of	  
parents	  we	  are	  dismissing	  a	  key	  influence	  in	  children’s	  early	  years	  (Fernald	  &	  Weisleder,	  
2015).	  By	  gaining	  a	  clearer	  understanding	  of	  parenting	  similarities	  and	  differences,	  whether	  
it	  be	  across	  countries	  or	  across	  socio-­‐cultural	  groups,	  we	  also	  gain	  a	  better	  understanding	  of	  
child	  development	  (Lansford	  et	  al.,	  2016).	  Furthermore,	  an	  understanding	  of	  how	  children’s	  
differing	  experiences	  influence	  language	  development	  is	  central	  to	  the	  creation	  of	  
interventions	  and	  policies	  that	  support	  the	  language	  learning	  of	  children	  from	  varying	  SES	  
backgrounds	  (Schwab	  &	  Lew-­‐Williams,	  2016).	  On	  that	  note,	  we	  return	  now	  to	  our	  review	  of	  
SES	  and	  child	  language	  research	  by	  focusing	  our	  attention	  on	  the	  role	  of	  parental	  speech.	  	  
2.3.2	  The	  importance	  of	  parental	  speech	  input	  –	  quantity	  and	  quality	  matter	  
Vocabulary	  development	  is	  one	  area	  of	  children’s	  language	  skills	  where	  a	  robust	  relationship	  
exists	  between	  measures	  of	  SES	  and	  developmental	  outcomes.	  Following	  on	  from	  the	  
research	  carried	  out	  towards	  the	  end	  of	  the	  20th	  century,	  a	  number	  of	  recent	  studies	  have	  
continued	  to	  investigate	  what	  is	  at	  the	  core	  of	  that	  relationship.	  Findings	  from	  those	  studies	  
add	  to	  the	  evidence	  that	  characteristics	  of	  parental	  speech	  input,	  including	  both	  the	  
quantity	  of	  parental	  speech	  and	  also	  the	  lexical	  diversity	  contained	  within	  that	  speech	  play	  
an	  important	  mediating	  role.	  This	  section	  provides	  examples	  of	  some	  of	  the	  key	  evidence	  to	  
date.	  
In	  a	  study	  of	  oral	  vocabulary	  growth	  in	  16-­‐	  to	  30-­‐month-­‐olds	  (N	  =	  60)	  from	  high-­‐	  and	  
mid-­‐SES	  families	  in	  the	  United	  States	  (Hoff,	  2003b),	  SES-­‐related	  variation	  could	  be	  largely	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accounted	  for	  by	  differences	  in	  properties	  of	  mothers’	  speech	  to	  their	  children.	  	  At	  an	  initial	  
visit,	  mothers	  and	  children	  were	  videorecorded	  during	  naturalistic	  interactions	  at	  home,	  and	  
then	  ten	  weeks	  later	  they	  were	  recorded	  again.	  Transcriptions	  of	  the	  recordings	  were	  then	  
used	  to	  measure	  properties	  of	  maternal	  speech	  at	  the	  first	  visit	  and	  children’s	  vocabulary	  
growth	  between	  the	  two	  visits.	  Compared	  to	  high-­‐school-­‐educated	  mothers,	  college-­‐
educated	  mothers	  spoke	  more	  words	  in	  longer	  utterances	  to	  their	  children,	  using	  a	  richer	  
vocabulary,	  and	  their	  children’s	  vocabularies	  also	  grew	  more	  between	  visits.	  The	  children’s	  
speech	  patterns	  also	  reflected	  the	  SES-­‐related	  differences	  in	  their	  mothers’	  speech	  patterns;	  
the	  higher-­‐SES	  children	  spoke	  more	  words,	  in	  longer	  utterances,	  using	  a	  richer	  vocabulary.	  
Importantly,	  differences	  in	  maternal	  speech	  accounted	  for	  most	  of	  the	  SES-­‐related	  
variability	  observed	  in	  children’s	  vocabulary	  growth	  between	  the	  first	  and	  second	  visits.	  
Thus,	  both	  the	  amount	  and	  diversity	  of	  maternal	  speech	  was	  a	  key	  moderator	  between	  SES	  
and	  child	  vocabulary	  growth.	  	  
Quantity	  and	  quality	  of	  caregiver	  speech	  was	  also	  a	  mediating	  factor	  in	  a	  longitudinal	  
study	  examined	  of	  language	  development	  of	  14-­‐	  to	  46-­‐	  month-­‐olds	  (N	  =	  47)	  from	  diverse	  
SES	  backgrounds	  in	  the	  U.S.	  (Huttenlocher	  et	  al.,	  2010).	  Children’s	  spontaneous	  speech,	  
extracted	  from	  videotaped	  family	  interactions,	  was	  collected	  at	  six	  time	  points	  from	  26	  to	  46	  
months,	  and	  assessed	  for	  lexical	  diversity	  (along	  with	  other	  aspects	  of	  language	  
development).	  Whether	  measured	  by	  education	  or	  income,	  SES	  was	  a	  consistent	  predictor	  
of	  children’s	  lexical	  diversity	  over	  that	  time.	  Children’s	  lexical	  diversity	  was	  also	  predicted	  by	  
both	  the	  quantity	  and	  lexical	  diversity	  of	  caregiver	  speech.	  Although	  caregiver	  speech	  at	  
least	  partially	  mediated	  the	  relationship	  between	  SES	  and	  lexical	  diversity,	  the	  mediating	  
relationship	  was	  not	  definitive	  in	  the	  sample.	  Nevertheless,	  a	  couple	  of	  findings	  from	  the	  
study	  are	  noteworthy	  in	  the	  context	  of	  the	  current	  investigation.	  Firstly,	  when	  it	  came	  to	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caregiver	  speech,	  quantity	  and	  lexical	  diversity	  were	  highly	  correlated;	  hence	  Huttenlocher	  
et	  al.	  recommend	  either	  measure	  might	  be	  used	  to	  predict	  vocabulary	  growth.	  Secondly,	  the	  
relationship	  between	  caregiver	  speech	  and	  child	  vocabulary	  was	  bi-­‐directional.	  That	  is,	  
earlier	  parental	  speech	  predicted	  later	  vocabulary	  growth,	  which	  in	  turn	  predicted	  later	  
parental	  speech,	  suggesting	  a	  mutual	  influence.	  	  	  	  
	   SES-­‐related	  differences	  in	  maternal	  talk	  can	  also	  be	  seen	  before	  children	  are	  talking,	  as	  
demonstrated	  in	  a	  recent	  study	  of	  Dutch-­‐speaking	  Belgian	  mothers	  and	  their	  children	  
(Vanormelingen	  &	  Gillis,	  2016).	  One-­‐	  to	  two-­‐hour	  video	  recordings	  of	  spontaneous	  
interactions	  at	  home	  between	  the	  children	  and	  other	  family	  members	  were	  collected	  at	  six	  
to	  seven	  time	  points,	  when	  infants	  were	  between	  six	  and	  24	  months	  old.	  The	  study	  showed	  
clear	  differences	  between	  mid-­‐to-­‐high-­‐	  and	  low-­‐SES	  mothers	  in	  three	  aspects	  of	  their	  talk	  to	  
their	  children:	  total	  duration	  of	  speech;	  number	  of	  utterances	  per	  hour;	  and	  how	  often	  they	  
responded	  to	  their	  children’s	  utterances	  per	  hour.	  Despite	  large	  individual	  variation,	  as	  a	  
group	  the	  mid-­‐high-­‐SES	  mothers	  spoke	  to	  their	  children	  in	  longer	  stretches	  of	  speech,	  
produced	  more	  utterances	  per	  hour,	  and	  responded	  more	  often	  to	  their	  children’s	  talk,	  
compared	  to	  the	  low-­‐SES	  mothers.	  These	  differences	  in	  maternal	  talk	  became	  more	  
pronounced	  over	  time.	  That	  is,	  as	  children	  got	  older	  there	  was	  generally	  more	  conversation	  
occurring	  between	  mid-­‐high-­‐SES	  mothers	  and	  their	  children,	  whereas	  between	  low-­‐SES	  
mothers	  and	  their	  children	  the	  amount	  of	  conversation	  was	  actually	  decreasing.	  These	  
findings	  lend	  support	  to	  the	  conclusions	  of	  earlier	  studies	  (Hart	  &	  Risley,	  1995;	  Hoff-­‐
Ginsberg,	  1991)	  that,	  when	  compared	  to	  lower	  SES	  parents,	  higher	  SES	  parents	  appear	  more	  
ready	  to	  engage	  their	  children	  as	  conversational	  partners.	  They	  also	  suggest	  an	  increasing	  
language	  gap,	  as	  referred	  to	  by	  Hart	  &	  Risley	  (1995).	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The	  importance	  of	  parental	  language	  input	  is	  also	  evident	  in	  language	  development	  
differences	  within	  low-­‐SES	  groups.	  For	  instance,	  where	  large	  variations	  were	  reported	  in	  
patterns	  of	  vocabulary	  growth	  in	  1-­‐	  to	  3-­‐year-­‐olds	  from	  low-­‐income	  families,	  greater	  child	  
vocabulary	  growth	  was	  positively	  associated	  with	  diversity	  in	  mothers’	  lexical	  input,	  and	  
mothers’	  language	  and	  literacy	  skills	  (Pan	  et	  al.,	  2005).	  Similarly,	  for	  Spanish-­‐learning	  infants	  
from	  low	  SES	  families,	  the	  quantity	  and	  quality	  (i.e.	  number	  of	  words,	  use	  of	  different	  
words,	  number	  and	  length	  of	  utterances)	  of	  maternal	  speech	  during	  play	  at	  18	  months	  
predicted	  children’s	  speech	  processing	  efficiency	  and	  vocabulary	  at	  24	  months	  (Hurtado,	  
Marchman,	  &	  Fernald,	  2008).	  In	  a	  related	  study,	  low-­‐SES	  Spanish-­‐learning	  infants	  who	  
experienced	  more	  child-­‐directed	  speech	  in	  everyday	  life	  at	  19	  months	  had	  larger	  
vocabularies	  at	  24	  months	  (Weisleder	  &	  Fernald,	  2013).	  Similarly,	  for	  American	  two-­‐year-­‐
olds	  from	  ethnically	  diverse,	  low-­‐income	  families,	  maternal	  language	  use	  (number	  of	  words,	  
number	  of	  word	  types	  etc.),	  correlated	  positively	  with	  children’s	  lexical	  diversity	  at	  age	  two	  
and	  three	  (Song,	  Spier,	  &	  Tamis-­‐Lemonda,	  2014).	  The	  quantity	  and	  quality	  of	  low-­‐SES	  
mothers’	  communication	  with	  their	  two-­‐year-­‐olds	  accounted	  for	  a	  significant	  amount	  of	  
variance	  in	  children’s	  expressive	  vocabulary	  skills	  when	  they	  were	  three	  years	  old,	  although	  
quality	  was	  a	  stronger	  predictor	  than	  quantity	  (Hirsh-­‐Pasek	  et	  al.,	  2015).	  Other	  recent	  work	  
(e.g.	  Cartmill	  et	  al.,	  2013)	  also	  suggests	  that	  individual	  differences	  in	  the	  quality	  of	  early	  
input	  are	  not	  related	  to	  SES	  and	  are	  better	  predictors	  of	  later	  vocabulary	  (for	  a	  recent	  
discussion	  of	  this	  issue,	  see	  Cartmill,	  2016).	  
Another	  longitudinal	  study	  investigating	  variation	  in	  maternal	  talk	  in	  low-­‐income	  
families	  found	  differences	  related	  to	  maternal	  education	  in	  the	  way	  mothers	  talked	  to	  their	  
children	  (Rowe,	  Pan,	  &	  Ayoub,	  2005).	  During	  10	  minute	  videotaped	  play	  interactions	  with	  
their	  1-­‐	  to	  3-­‐	  year-­‐olds,	  more	  educated	  mothers	  had	  a	  higher	  total	  word	  count	  (on	  average	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they	  spoke	  56	  more	  words	  for	  every	  additional	  year	  of	  schooling)	  and	  used	  a	  more	  diverse	  
vocabulary	  with	  their	  children	  than	  less	  educated	  mothers.	  Overall,	  mothers’	  talk	  to	  their	  
children	  grew	  in	  amount	  and	  lexical	  diversity	  as	  children	  got	  older,	  though	  there	  was	  
substantial	  variation	  in	  that	  growth.	  However,	  in	  contrast	  to	  what	  might	  be	  expected	  from	  
the	  patterns	  of	  change	  observed	  by	  Hart	  and	  Risley	  (1995),	  maternal	  education	  did	  not	  
predict	  that	  variation.	  That	  is,	  initial	  differences	  in	  communicative	  input	  between	  more	  and	  
less	  educated	  mothers	  did	  not	  appear	  to	  increase	  over	  time.	  	  
Taken	  together,	  because	  they	  show	  that	  variability	  in	  outcomes	  can	  be	  found	  within,	  as	  
well	  as	  between	  SES	  groups,	  the	  studies	  discussed	  here	  show	  that	  the	  association	  between	  
SES	  and	  children’s	  vocabulary	  development,	  though	  robust	  and	  substantial,	  is	  not	  simple	  
(Hoff,	  2006).	  Furthermore,	  they	  support	  other	  findings	  from	  the	  developmental	  literature	  
that	  parental	  engagement	  and	  scaffolding	  behaviours	  are	  important	  mediators	  between	  
parental	  education	  (and	  other	  SES	  indicators)	  and	  the	  developmental	  gradient	  (e.g.	  Carr	  &	  
Pike,	  2012;	  Kalil	  et	  al.,	  2012;	  Korat,	  2009).	  They	  also	  point	  to	  the	  importance	  of	  linguistic	  
experience	  in	  the	  first	  years	  of	  life	  for	  children’s	  early	  vocabulary	  development,	  regardless	  
of	  their	  SES	  background.	  Finally,	  and	  importantly	  in	  the	  current	  context,	  they	  demonstrate	  
that	  measures	  of	  both	  the	  quantity	  and	  quality	  of	  linguistic	  experience	  (e.g.	  Cartmill,	  2016;	  
Hirsh-­‐Pasek	  et	  al.,	  2015);	  can	  be	  valuable	  predictors	  to	  help	  tease	  apart	  influential	  factors	  in	  
a	  complex	  story.	  
2.3.3	  The	  Importance	  of	  Reciprocal	  Interaction	  	  
Throughout	  the	  research	  findings	  discussed	  so	  far	  regarding	  the	  importance	  of	  parental	  
speech	  input	  in	  the	  current	  context,	  one	  recurring	  topic	  of	  interest	  has	  hopefully	  become	  
apparent	  –	  conversational	  interaction.	  We	  know	  from	  the	  developmental	  language	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literature	  that	  in	  general	  terms	  the	  amount	  of	  parental	  speech	  children	  experience	  supports	  
early	  vocabulary	  growth	  (Hoff	  &	  Naigles,	  2002;	  Hurtado	  et	  al.,	  2008;	  Huttenlocher,	  Haight,	  
Bryk,	  Seltzer,	  &	  Lyons,	  1991;	  Newman,	  Rowe,	  &	  Bernstein	  Ratner,	  2015;	  Weisleder	  &	  
Fernald,	  2013).	  Although	  children	  learn	  words	  from	  overheard	  speech	  (Akhtar,	  2005),	  it	  
seems	  that	  speech	  directed	  to	  children	  has	  a	  greater	  impact	  on	  their	  language	  development	  
(e.g.	  Shneidman,	  Arroyo,	  Levine,	  &	  Goldin-­‐Meadow,	  2013;	  Weisleder	  &	  Fernald,	  2013).	  	  
Whether	  children	  generally	  spend	  time	  with	  one	  primary	  caregiver	  or	  multiple	  people	  in	  
their	  household,	  evidence	  suggests	  it	  is	  still	  the	  amount	  of	  child-­‐directed	  speech,	  more	  so	  
than	  the	  amount	  of	  overheard	  speech,	  that	  is	  important	  for	  word	  learning	  (Shneidman	  et	  
al.,	  2013).	  The	  importance	  of	  communicative	  exchanges	  for	  word	  learning	  can	  also	  be	  seen	  
in	  cultural	  contexts	  where	  directed	  interaction	  between	  adults	  and	  children	  is	  reportedly	  
rare,	  and	  much	  of	  children’s	  early	  speech	  input	  comes	  from	  overheard	  speech	  (Shneidman	  
&	  Goldin-­‐Meadow,	  2012).	  	  
Reciprocal	  caregiver-­‐child	  interaction	  does	  not	  just	  play	  a	  role	  once	  infants	  are	  
talking;	  contingency	  in	  caregiver	  responses	  is	  a	  key	  mechanism	  that	  supports	  infants’	  
developing	  language	  skills	  even	  for	  prelinguistic	  infants	  (see	  Tamis-­‐LeMonda,	  Kuchirko,	  &	  
Song,	  2014).	  By	  five	  months	  of	  age	  infants	  show	  evidence	  of	  having	  learned	  that	  their	  
vocalisations	  influence	  caregivers’	  behaviour,	  such	  that	  when	  adults	  stop	  responding	  to	  
their	  vocalisations,	  their	  vocalising	  will	  increase	  initially	  to	  a	  peak,	  but	  then	  decrease	  when	  
they	  still	  do	  not	  get	  a	  response	  (Goldstein,	  Schwade,	  &	  Bornstein,	  2009).	  Similarly,	  when	  
mothers	  responded	  to	  their	  3-­‐	  to	  8-­‐month-­‐olds’	  vocalisations	  contingently,	  their	  responses	  
elicited	  more	  infant	  vocalisation	  than	  did	  noncontingent	  responses	  (Pelaez,	  Virués-­‐ortega,	  &	  
Gewirtz,	  2011).	  Additionally,	  the	  degree	  to	  which	  5-­‐month-­‐olds	  adjusted	  their	  vocalisation	  in	  
response	  to	  the	  presence	  or	  absence	  of	  adult	  feedback	  predicted	  their	  language	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comprehension	  early	  in	  the	  second	  year	  (Goldstein	  et	  al.,	  2009).	  Not	  only	  do	  infant	  
vocalisations	  increase	  and	  decrease	  in	  amount	  in	  response	  to	  adult	  feedback,	  the	  form	  of	  
their	  vocalisations	  can	  also	  change	  in	  response	  to	  the	  contingency	  of	  the	  feedback.	  For	  
example,	  when	  mothers	  of	  9-­‐month-­‐olds	  responded	  contingently	  to	  infants’	  babbling,	  the	  
infants	  restructured	  their	  babbling	  in	  a	  way	  that	  included	  phonological	  patterns	  from	  their	  
mothers’	  speech.	  They	  did	  not	  do	  the	  same	  when	  mothers’	  feedback	  was	  noncontingent.	  
Thus,	  the	  studies	  discussed	  here	  show	  that	  during	  the	  first	  year,	  contingent	  verbal	  
responses	  on	  the	  part	  of	  the	  parent	  can	  not	  only	  reinforce	  early	  infant	  vocalisation	  
(Goldstein	  et	  al.,	  2009;	  Pelaez	  et	  al.,	  2011),	  they	  can	  also	  guide	  infants’	  phonological	  
learning	  (Goldstein	  &	  Schwade,	  2008).	  	  
The	  important	  role	  of	  conversational	  interaction	  can	  also	  be	  seen	  in	  the	  findings	  of	  
studies	  that	  have	  used	  automatic	  speech	  recognition	  technology	  to	  assess	  predictors	  of	  
young	  children’s	  language	  development	  from	  aspects	  of	  their	  home	  language	  environments.	  
The	  first	  study	  measured	  overall	  adult	  word	  count,	  television	  exposure,	  and	  conversational	  
turns	  (a	  measure	  of	  contingent	  verbal	  interactions	  between	  adults	  and	  children).	  Although	  
main	  effects	  were	  found	  for	  each	  predictor,	  when	  all	  three	  predictors	  were	  included	  in	  
regression	  models,	  conversational	  turns	  emerged	  as	  the	  most	  robust	  predictor	  of	  child	  
language	  development	  (Zimmerman	  et	  al.,	  2009).	  In	  the	  second	  study,	  conversational	  turns	  
and	  child	  vocalisation	  were	  better	  predictors	  of	  toddlers’	  receptive	  and	  expressive	  language	  
skills	  than	  was	  adult	  word	  count	  (Greenwood,	  Thiemann-­‐Bourque,	  Walker,	  Buzhardt,	  &	  
Gilkerson,	  2010).	  Thus,	  when	  assessing	  how	  quantitative	  differences	  in	  children’s	  home	  
language	  experiences	  related	  to	  their	  vocabulary	  development,	  the	  amount	  of	  verbal	  
interaction	  between	  children	  and	  caregivers	  is	  likely	  to	  be	  more	  informative	  than	  measures	  
of	  adult	  talkativeness.	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2.3.4	  Other	  potentially	  mediating	  factors	  
At	  the	  centre	  of	  our	  investigation	  is	  the	  notion	  that	  (like	  any	  SES	  indicator)	  parental	  
education	  level	  is	  only	  a	  gauge	  of	  resources	  and	  assets;	  it	  is	  not	  a	  behaviour.	  As	  such,	  it	  
cannot	  directly	  influence	  a	  child’s	  developmental	  trajectory.	  Rather	  it	  is	  a	  constellation	  of	  
parental	  characteristics,	  abilities,	  and	  parenting	  behaviours	  associated	  with	  education	  level	  
that	  shape	  children’s	  environment	  (see	  Rindermann	  &	  Baumeister,	  2015).	  So	  far	  we	  have	  
seen	  how	  the	  link	  between	  measures	  of	  SES	  and	  child	  language	  development,	  although	  
robust,	  is	  neither	  simple	  nor	  fully	  understood.	  We	  know	  that	  differences	  in	  parental	  talk	  go	  
some	  way	  towards	  explaining	  that	  link;	  however,	  as	  studies	  showing	  differences	  in	  parental	  
talk	  within	  SES	  groups	  demonstrate,	  the	  link	  between	  SES	  and	  parental	  talk	  is	  in	  itself	  a	  
complex	  association.	  So,	  what	  might	  be	  driving	  the	  tendency	  for	  higher	  SES	  parents	  to	  
communicate	  differently	  with	  their	  children?	  In	  order	  to	  address	  that	  question,	  we	  begin	  by	  
retuning	  again	  to	  the	  concept	  of	  human	  capital.	  	  
Knowledge	  of	  child	  development	  
As	  discussed	  in	  Section	  2.2.1,	  human	  capital	  (indexed	  by	  parental	  education)	  includes	  
the	  set	  of	  parental	  skills	  and	  capabilities	  that	  set	  the	  scene	  for	  the	  cognitive	  environment	  in	  
which	  children	  develop	  (Coleman,	  1988).	  But	  which	  skills	  are	  most	  relevant	  to	  language	  
development?	  One	  thing	  that	  may	  be	  informative	  in	  the	  current	  context	  is	  mothers’	  
knowledge	  about	  child	  development,	  which	  includes	  their	  awareness	  and	  understanding	  of	  
“developmental	  norms	  and	  milestones,	  processes	  of	  child	  development,	  and	  familiarity	  with	  
caregiving	  skills”(Benasich	  &	  Brooks-­‐Gunn,	  1996,	  p.	  1187).	  Although	  parents	  from	  all	  
backgrounds	  may	  be	  eager	  for	  information	  about	  parenting	  (Young,	  Davis,	  Schoen,	  &	  Parker,	  
1998),	  it	  seems	  more	  educated	  parents	  have	  greater	  access	  to,	  and	  are	  perhaps	  more	  skilled	  
at	  finding,	  reliable	  information	  (Bonfadelli,	  2002;	  Radey	  &	  Randolph,	  2009;	  Rothbaum,	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Martland,	  &	  Beswick,	  2008).	  Similarly,	  evidence	  suggests	  that	  more	  educated	  mothers	  have	  
greater	  knowledge	  of	  child	  development	  (Benasich	  &	  Brooks-­‐Gunn,	  1996;	  Bornstein,	  Cote,	  
Haynes,	  Hahn,	  &	  Park,	  2010;	  Huang,	  O’Brien	  Caughy,	  Genevro,	  &	  Miller,	  2005;	  Ribas	  Jr,	  de	  
Moura,	  &	  Bornstein,	  2003;	  Rowe,	  2008;	  Rowe,	  Denmark,	  Harden,	  &	  Stapleton,	  2016).	  There	  
is	  also	  evidence	  that	  mothers’	  knowledge	  of	  infant	  development	  mediates	  the	  link	  between	  
maternal	  education	  and	  children’s	  vocabulary	  skills	  (Rowe,	  2008;	  Rowe	  et	  al.,	  2016)	  via	  
quantitative	  and	  qualitative	  differences	  in	  mothers’	  child-­‐directed	  speech	  (Rowe,	  2008).	  So,	  
we	  are	  interested	  to	  see	  what	  explanatory	  role,	  if	  any,	  mothers’	  knowledge	  about	  
development	  may	  play	  in	  the	  current	  context.	  	  
Maternal	  intelligence	  
Another	  factor	  that	  we	  would	  be	  unwise	  to	  ignore	  in	  the	  current	  context	  is	  maternal	  
intelligence	  (IQ).	  Maternal	  IQ	  has	  been	  shown	  to	  be	  both	  a	  direct	  and	  indirect	  predictor	  of	  
children’s	  verbal	  skills	  (Luster	  &	  Dubow,	  1992;	  Reilly	  et	  al.,	  2007;	  Ronfani	  et	  al.,	  2015).	  The	  
inclusion	  of	  a	  cognitive	  measure	  is	  considered	  important	  in	  studies	  of	  the	  role	  of	  maternal	  
education	  on	  child	  outcomes,	  to	  avoid	  mistakenly	  attributing	  outcomes	  to	  mothers’	  
schooling	  instead	  of	  to	  mothers’	  cognitive	  ability	  (Duncan	  &	  Magnuson,	  2003,	  2012).	  If	  
maternal	  IQ	  does	  play	  a	  role	  in	  the	  current	  context,	  then	  we	  are	  interested	  to	  know	  whether	  
verbal	  IQ	  is	  the	  aspect	  of	  mothers’	  cognitive	  ability	  of	  most	  relevance	  in	  the	  current	  context,	  
or	  whether	  nonverbal	  IQ	  may	  also	  have	  explanatory	  value.	  Mothers’	  verbal	  IQ	  has	  
previously	  been	  linked	  to	  maternal	  education	  (e.g.	  Betancourt	  et	  al.,	  2015;	  Bornstein,	  
Haynes,	  &	  Painter,	  1998;	  Rowe,	  2008)	  and	  also	  to	  some	  aspects	  of	  mothers’	  child-­‐directed	  
speech	  (Bornstein	  et	  al.,	  1998;	  Rowe,	  2008;	  Rowe,	  Pan,	  &	  Ayoub,	  2005).	  However,	  evidence	  
from	  a	  couple	  of	  those	  same	  studies	  suggest	  that	  maternal	  verbal	  abilities	  do	  not	  always	  
help	  to	  explain	  associations	  between	  maternal	  child-­‐directed	  speech	  (Rowe,	  2008)	  or	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infants’	  language	  skills	  (Betancourt	  et	  al.,	  2015).	  Mothers	  in	  the	  Rowe	  (2008)	  study	  had	  
generally	  high	  levels	  of	  education,	  and	  mothers	  in	  the	  Betancourt	  et	  al.	  (2015)	  study	  had	  
generally	  low	  levels	  of	  education,	  so	  it	  could	  be	  that	  maternal	  verbal	  ability	  may	  have	  played	  
a	  different	  role	  within	  more	  educationally	  diverse	  groups	  of	  mothers.	  Hence,	  the	  role	  
mothers’	  cognitive	  abilities	  might	  play	  in	  the	  context	  of	  our	  investigation	  is	  unclear.	  So,	  we	  
are	  interested	  to	  know	  whether	  verbal	  (or	  nonverbal)	  IQ	  might	  account	  for	  some	  of	  the	  
variance	  in	  child	  vocabulary	  related	  to	  maternal	  education,	  and	  if	  it	  does,	  whether	  it	  does	  so	  
via	  the	  quantitative	  aspects	  of	  parental	  input	  we	  are	  examining.	  	  
Social	  and	  Emotional	  Factors	  That	  Can	  Affect	  Interactions	  and	  Support	  
Development	  
Across	  a	  range	  of	  contexts,	  a	  number	  of	  social	  and	  emotional	  factors	  can	  influence	  
parents’	  capacity	  to	  engage	  in	  behaviours	  that	  support	  their	  children’s	  development.	  So,	  
alongside	  parental	  skills	  and	  abilities,	  we	  are	  also	  interested	  in	  examining	  a	  selection	  of	  
social	  and	  emotional	  factors	  in	  relation	  to	  maternal	  education.	  Here,	  we	  are	  largely	  
concerned	  with	  identifying	  factors	  that	  may,	  in	  association	  with	  maternal	  education,	  further	  
support	  or	  hinder	  language	  development.	  We	  are	  also	  interested	  in	  highlighting	  factors	  that	  
may	  warrant	  further	  attention	  in	  subsequent	  related	  studies	  of	  children	  with	  hearing	  loss,	  
especially	  as	  potential	  points	  of	  similarity	  or	  difference	  between	  families	  of	  children	  with	  
and	  without	  hearing	  loss.	  	  	  
Parenting	  self-­‐‑efficacy	  
Parenting	  self-­‐efficacy	  beliefs	  refer	  to	  parents’	  expectations	  about	  their	  ability	  to	  perform	  
effectively	  and	  competently	  in	  the	  parenting	  role	  (Teti	  &	  Gelfand,	  1991).	  There	  is	  strong	  
evidence	  linking	  parenting	  self-­‐efficacy	  to	  parenting	  competence	  (for	  a	  review,	  see	  Jones	  &	  
Prinz,	  2005),	  and	  evidence	  suggests	  that	  maternal	  self-­‐efficacy	  beliefs	  are	  associated	  with	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positive	  mother-­‐infant	  interactions	  (Bohlin	  &	  Hagekull,	  1987).	  Studies	  have	  shown	  that	  
parenting	  self-­‐efficacy	  mediates	  relationships	  between:	  maternal	  depression	  and	  parenting	  
competence	  (Teti	  &	  Gelfand,	  1991);	  mothers’	  supportive	  parenting	  behaviours	  and	  toddlers’	  
cognitive	  development	  (Coleman	  et	  al.,	  2002);	  mothers’	  education	  and	  satisfaction	  in	  the	  
parenting	  role	  (Coleman	  &	  Karraker,	  2000);	  and	  helps	  link	  parental	  stress,	  anxiety	  and	  
depression	  to	  parents’	  involvement	  with	  their	  pre-­‐schoolers	  (Giallo,	  Treyvaud,	  Cooklin,	  &	  
Wade,	  2013).	  It	  is	  also	  a	  protective	  factor	  for	  infants	  at	  risk	  for	  early	  developmental	  delay	  
(McDonald,	  Kehler,	  Bayrampour,	  Fraser-­‐Lee,	  &	  Tough,	  2016).	  It	  seems	  that	  parents	  who	  
believe	  in	  their	  own	  abilities	  are	  more	  likely	  to	  persevere	  when	  parenting	  tasks	  become	  
challenging	  (Bloomfield	  et	  al.,	  2005)	  and	  this	  sense	  of	  personal	  agency	  can	  be	  a	  crucial	  
buffer	  between	  adverse	  circumstances	  and	  child	  outcomes	  (Elder,	  1995).	  In	  terms	  of	  
supporting	  language	  development	  in	  hearing-­‐impaired	  children,	  studies	  have	  shown	  that	  
maternal	  self-­‐efficacy	  relates	  positively	  with	  maternal	  involvement	  and	  mothers’	  use	  of	  
higher	  level	  facilitative	  language	  techniques	  (DesJardin,	  2006;	  DesJardin	  &	  Eisenberg,	  2007).	  
Use	  of	  higher	  level	  facilitative	  language	  techniques,	  in	  turn,	  is	  positively	  associated	  with	  
children’s	  receptive	  and	  expressive	  language	  skills	  (DesJardin	  &	  Eisenberg,	  2007)	  and	  
phonological	  awareness	  and	  reading	  skills	  (Desjardin,	  Ambrose,	  Martinez,	  &	  Eisenberg,	  
2009).	  
Based	  on	  self-­‐efficacy	  theory	  (Bandura,	  1997),	  for	  parents	  to	  feel	  efficacious	  they	  
should	  possess	  confidence	  in	  their	  ability	  to	  carry	  out	  the	  task	  of	  parenting,	  coupled	  with	  a	  
level	  of	  specific	  and	  accurate	  knowledge	  of	  what	  that	  task	  requires	  (Coleman	  &	  Karraker,	  
1997).	  One	  study	  that	  examined	  maternal	  confidence,	  mothers’	  knowledge	  of	  child	  
development,	  and	  mother-­‐toddler	  interactions	  provides	  support	  for	  this	  idea.	  Separately,	  
confidence	  and	  knowledge	  were	  not	  related	  to	  the	  quality	  of	  mother-­‐toddler	  interactions;	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however,	  the	  combined	  effects	  of	  knowledge	  and	  confidence	  were	  related	  to	  the	  quality	  of	  
those	  interactions	  (Conrad,	  Gross,	  Fogg,	  &	  Ruchala,	  1992).	  Similarly,	  for	  mothers	  of	  high-­‐risk	  
infants	  (e.g.	  premature,	  low	  birth	  weight),	  knowledge	  of	  infant	  development	  mediated	  the	  
relationship	  between	  parental	  self-­‐efficacy	  beliefs	  and	  parenting	  competence.	  That	  is,	  
mothers	  who	  reported	  high	  self-­‐efficacy	  and	  high	  knowledge	  of	  development	  were	  the	  most	  
sensitive	  with	  their	  infants	  during	  play	  interactions,	  whereas	  mothers	  who	  held	  high	  self-­‐
efficacy	  beliefs,	  but	  whose	  knowledge	  of	  development	  was	  low,	  displayed	  the	  least	  sensitive	  
parenting	  abilities	  (Hess,	  Teti,	  &	  Hussey-­‐Gardner,	  2004).	  Hess	  et	  al.	  suggest	  that	  the	  ‘naïve	  
confidence’	  (Conrad	  et	  al.,	  1992)	  of	  the	  latter	  group	  could	  place	  those	  mothers	  at	  risk	  for	  
parenting	  difficulties	  as	  their	  infants	  grew.	  Importantly,	  these	  two	  studies	  illustrate	  the	  
importance	  of	  considering	  knowledge	  of	  child	  development	  when	  interpreting	  relationships	  
between	  parenting	  self-­‐efficacy	  and	  parenting	  behaviours.	  	  
Social	  support	  
In	  a	  range	  of	  contexts,	  parenting	  practices	  are	  affected	  by	  the	  level	  of	  support	  parents	  
receive	  and	  perceive	  in	  their	  role	  as	  caregivers.	  For	  example,	  research	  shows	  that	  when	  new	  
mothers	  feel	  well	  supported,	  their	  feelings	  of	  parenting	  self-­‐efficacy	  are	  enhanced	  (Leahy-­‐
Warren,	  McCarthy,	  &	  Corcoran,	  2012),	  along	  with	  the	  quality	  of	  their	  very	  early	  interactions	  
with	  their	  infants	  (Crnic,	  Greenberg,	  Robinson,	  &	  Ragozin,	  1984).	  In	  low	  SES	  households,	  
maternal	  social	  support	  has	  been	  shown	  to	  correlate	  positively	  with	  the	  level	  of	  stimulation	  
mothers	  provide	  their	  2-­‐year-­‐olds	  (Adamakos	  et	  al.,	  1986).	  In	  a	  recent	  study	  of	  early	  
development	  in	  a	  large	  cohort	  of	  Canadian	  one-­‐year-­‐olds,	  for	  infants	  in	  ‘at	  risk’	  
environments	  (due	  to	  socio-­‐demographic	  risk	  and/or	  poor	  maternal	  health),	  along	  with	  
increased	  adult	  interaction	  and	  parenting	  self-­‐efficacy,	  social	  support	  was	  a	  protective	  
factor	  for	  infants’	  development	  (McDonald	  et	  al.,	  2016).	  In	  the	  context	  of	  hearing	  loss,	  the	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amount	  of	  parents’	  perceived	  support,	  from	  sources	  both	  within	  and	  outside	  the	  family,	  can	  
reduce	  feelings	  of	  stress	  (Pipp-­‐Siegel,	  Sedey,	  &	  Yoshinaga-­‐Itano,	  2002;	  Sarant	  &	  Garrard,	  
2014)	  and	  depression	  (Sipal	  &	  Sayin,	  2012),	  and	  contribute	  to	  a	  family’s	  ability	  to	  meet	  the	  
challenges	  associated	  with	  having	  a	  child	  diagnosed	  with	  hearing	  loss	  (Ahlert	  &	  Greef,	  2012).	  
For	  parents	  of	  hearing-­‐impaired	  children,	  having	  frequent	  contact	  with	  other	  parents	  of	  
hearing-­‐impaired	  children	  is	  associated	  with	  reduced	  feelings	  of	  social	  isolation	  and	  
increased	  parenting	  responsiveness	  (Hintermair,	  2000).	  Also,	  mothers	  who	  feel	  well	  
supported	  socially	  have	  more	  positive	  interactions	  with	  their	  hearing-­‐impaired	  toddlers	  than	  
mothers	  who	  perceive	  less	  support	  (Lederberg	  &	  Golbach,	  2002;	  Meadow-­‐Orlans	  &	  
Steinberg,	  1993).	  Taken	  together,	  the	  evidence	  discussed	  here	  indicates	  social	  support	  may	  
play	  a	  mediating	  role	  in	  the	  current	  context.	  
Mothers’	  emotional	  well-­‐‑being	  
We	  know	  from	  studies	  of	  mothers	  experiencing	  post-­‐natal	  depression	  (PND)	  that	  maternal	  
depression	  can	  impact	  on	  mother-­‐infant	  communication.	  When	  interacting	  with	  their	  
infants,	  depressed	  mothers	  tend	  to	  be	  less	  responsive	  (Bettes,	  1988;	  Field,	  Healy,	  Goldstein,	  
&	  Guthertz,	  1990;	  Reck	  et	  al.,	  2004),	  less	  sensitive	  (Kaplan,	  Burgess,	  Sliter,	  &	  Moreno,	  2009),	  
and	  less	  able	  to	  regulate	  their	  infants’	  affective	  states	  (Tronick	  &	  Reck,	  2009).	  Also,	  their	  
infant-­‐directed	  speech	  tends	  to	  lack	  the	  exaggerated	  pitch	  contours	  and	  exaggerated	  facial	  
expressions	  that	  typically	  characterise	  the	  speech	  register	  (Bettes,	  1988;	  Field,	  1995,	  2002;	  
Kaplan	  et	  al.,	  2009;	  Porritt,	  Zinser,	  Bachorowski,	  &	  Kaplan,	  2014).	  Evidence	  also	  shows	  that	  
expressive	  and	  receptive	  language	  development	  in	  12	  month	  old	  infants	  of	  PND	  mothers	  
correlates	  with	  the	  duration	  of	  maternal	  depression	  (Quevedo	  et	  al.,	  2012).	  In	  low-­‐SES	  
families,	  alongside	  maternal	  education,	  maternal	  depression	  can	  also	  help	  to	  explain	  
variance	  in	  amount	  and	  diversity	  of	  mothers’	  talk	  to	  their	  toddlers	  (Rowe	  et	  al.,	  2005)	  and	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differences	  in	  child	  vocabulary	  growth	  at	  24	  months	  (Pan	  et	  al.,	  2005).	  Furthermore,	  there	  is	  
some	  evidence	  to	  suggest	  that	  the	  effects	  of	  maternal	  depression	  may	  be	  amplified	  for	  
children	  from	  low	  SES	  backgrounds	  (Stein	  et	  al.,	  2008).	  Evidence	  also	  suggests	  that	  mothers	  
with	  lower	  levels	  of	  education	  are	  at	  greater	  risk	  for	  PND,	  (e.g.	  Goyal,	  Gay,	  &	  Lee,	  2010;	  
Tammentie,	  Tarkka,	  Åstedt-­‐Kurk,	  &	  Paavilainen,	  2002).	  Additionally,	  to	  return	  to	  the	  broader	  
scope	  of	  this	  thesis,	  hearing	  loss	  can	  also	  impact	  on	  the	  emotional	  well-­‐being	  of	  the	  child’s	  
family	  (Jackson,	  Wegner,	  &	  Turnbull,	  2010);	  mothers	  can	  feel	  pessimistic	  about	  their	  child’s	  
future	  communication	  abilities	  and	  self-­‐sufficiency	  (Lederberg	  &	  Golbach,	  2002)	  and	  show	  
high	  levels	  of	  depression	  that	  impact	  negatively	  on	  their	  parenting	  attitudes	  (Sipal	  &	  Sayin,	  
2012).	  Outside	  of	  clinical	  levels	  of	  depression,	  poor	  parenting	  morale	  is	  a	  risk	  factor	  for	  
developmental	  problems	  at	  school	  entry	  (Tough,	  Siever,	  Benzies,	  Leew,	  &	  Johnston,	  2010).	  
Taking	  all	  of	  those	  factors	  into	  consideration,	  depression	  and	  morale	  are	  factors	  worthy	  of	  
attention	  in	  the	  current	  investigation.	  
Taken	  together,	  the	  literature	  reviewed	  in	  this	  section	  highlights	  a	  number	  of	  factors	  that	  
are	  worthy	  of	  exploration	  in	  the	  current	  context.	  In	  summary,	  either	  separately	  or	  in	  
combination,	  mothers’	  IQ	  and	  knowledge	  of	  child	  development,	  how	  effective	  they	  feel	  in	  
the	  parenting	  role,	  the	  level	  of	  social	  support	  they	  receive	  and	  perceive,	  or	  their	  
emotional/psychological	  well-­‐being,	  can	  all	  influence	  their	  capacity	  to	  support	  development.	  	  
Thus,	  they	  may	  help	  us	  to	  understand	  environmental	  differences	  that	  contribute	  to	  the	  early	  
language	  trajectories	  of	  children	  whose	  mothers	  differ	  by	  educational	  level.	  
2.4	  Summary	  of	  evidence	  
From	  the	  literature	  reviewed	  so	  far,	  we	  know	  that	  socioeconomic	  advantage	  is	  linked	  to	  
better	  child	  language	  outcomes	  starting	  early	  in	  life	  (e.g.	  Fernald,	  Marchman,	  &	  Weisleder,	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2013;	  Noble	  et	  al.,	  2015).	  Most	  of	  the	  research	  in	  this	  field	  has	  concentrated	  on	  children	  in	  
the	  second	  year	  of	  life	  and	  beyond	  (e.g.	  Huttenlocher	  et	  al.,	  2010;	  Pan	  et	  al.,	  2005).	  From	  
that	  evidence	  it	  seems	  that	  SES-­‐related	  disparities	  in	  children’s	  verbal	  language	  skills	  do	  not	  
emerge	  until	  later	  in	  the	  second	  year	  (Hupp	  et	  al.,	  2011;	  Noble	  et	  al.,	  2015),	  however	  there	  
is	  a	  small	  amount	  of	  evidence	  to	  suggest	  that	  differences	  may	  emerge	  earlier	  (Betancourt	  et	  
al.,	  2015).	  Vocabulary	  is	  one	  aspect	  of	  language	  development	  that	  appears	  to	  be	  particularly	  
sensitive	  to	  the	  influence	  of	  SES	  (Hoff,	  2013;	  Noble	  et	  al.,	  2005).	  However,	  we	  have	  also	  
seen	  that	  the	  link	  between	  SES	  and	  children’s	  vocabulary	  development,	  though	  robust	  and	  
substantial,	  is	  not	  simple	  (Hoff,	  2006).	  We	  know	  that	  the	  amount	  of	  parental	  speech	  
children	  experience	  supports	  early	  vocabulary	  growth	  (Hoff	  &	  Naigles,	  2002;	  Hurtado	  et	  al.,	  
2008;	  Huttenlocher	  et	  al.,	  1991;	  Newman	  et	  al.,	  2015;	  Weisleder	  &	  Fernald,	  2013).	  We	  also	  
know	  that	  alongside	  the	  quality	  of	  children’s	  linguistic	  experience,	  amount	  of	  experience	  
helps	  to	  explain	  variability	  in	  language	  outcomes	  that	  exists	  between	  SES	  groups	  (Hart	  &	  
Risley,	  1995;	  Hoff,	  2003b;	  Huttenlocher	  et	  al.,	  2010),	  and	  also	  within	  them	  (Hirsh-­‐Pasek	  et	  
al.,	  2015;	  Hurtado	  et	  al.,	  2008;	  Pan	  et	  al.,	  2005;	  Song	  et	  al.,	  2014).	  Furthermore,	  we	  have	  
seen	  that	  it	  is	  not	  simply	  exposure	  to	  overheard	  speech,	  but	  rather	  exposure	  to	  child-­‐
directed	  speech	  that	  appears	  to	  be	  of	  particular	  importance	  (Weisleder	  &	  Fernald,	  2013),	  
across	  different	  caregiving	  (Shneidman	  et	  al.,	  2013)	  and	  cultural	  contexts	  (Shneidman	  &	  
Goldin-­‐Meadow,	  2012).	  As	  such,	  when	  considering	  the	  role	  of	  quantity	  of	  linguistic	  
experience	  in	  supporting	  children’s	  vocabulary	  development,	  measures	  of	  the	  amount	  of	  
verbal	  interaction	  occurring	  between	  children	  and	  caregivers	  are	  likely	  to	  be	  more	  
informative	  than	  measures	  of	  overall	  adult	  talkativeness	  (Greenwood	  et	  al.,	  2010;	  
Zimmerman	  et	  al.,	  2009).	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Up	  until	  now,	  very	  little	  research	  attention	  has	  been	  directed	  towards	  SES-­‐related	  
differences	  in	  linguistic	  experience	  in	  the	  first	  year	  of	  life.	  However,	  there	  is	  some	  evidence	  
to	  suggest	  that	  quantitative	  SES-­‐related	  differences	  in	  parental	  speech	  input	  are	  apparent	  as	  
early	  as	  six	  months	  (Vanormelingen	  &	  Gillis,	  2016).	  Because	  the	  research	  focus	  has	  typically	  
been	  on	  older	  children,	  we	  do	  not	  know	  how	  early	  in	  development	  it	  is	  that	  quantitative	  
differences	  in	  linguistic	  experience	  can	  help	  to	  explain	  SES-­‐related	  differences	  in	  children’s	  
early	  spoken	  language	  development.	  Moreover,	  it	  is	  unclear	  how	  maternal	  characteristics	  
like	  IQ	  and	  mothers’	  knowledge	  of	  child	  development	  are	  related	  to	  mothers’	  educational	  
experience,	  and	  to	  what	  extent	  they	  may	  also	  contribute	  to	  children’s	  expressive	  language	  
skills	  (Rowe,	  2008;	  Rowe	  et	  al.,	  2016),	  possibly	  via	  parental	  speech	  input	  (Bornstein	  et	  al.,	  
1998;	  Rowe,	  Pan,	  &	  Ayoub,	  2005).	  Finally,	  a	  number	  of	  social	  and	  emotional	  factors	  can	  
affect	  interactions	  between	  parent	  and	  child,	  and	  influence	  parents’	  capacity	  to	  engage	  in	  
behaviours	  that	  support	  their	  children’s	  development,	  but	  it	  is	  unclear	  whether	  and	  how	  
they	  may	  function	  in	  the	  current	  context.	  This	  thesis	  seeks	  to	  provide	  data	  that	  will	  help	  to	  
address	  these	  research	  gaps.	  	  
2.5	  Conceptual	  approach	  in	  the	  current	  study	  
As	  reviewed	  above,	  there	  are	  many	  causal	  factors	  that	  could	  be	  included	  in	  a	  framework	  for	  
a	  study	  of	  vocabulary	  development	  and	  how	  it	  relates	  to	  family	  SES.	  Since	  we	  are	  interested	  
in	  maternal	  education	  as	  a	  predictor	  of	  developmental	  outcomes	  in	  childhood,	  by	  its	  nature	  
our	  conceptual	  model	  aligns	  with	  a	  social	  causation	  model.	  Likewise,	  since	  our	  core	  research	  
questions	  are	  concerned	  with	  identifying	  factors	  that	  mediate	  the	  relationship	  between	  
maternal	  education	  and	  child	  language,	  our	  hypothesised	  model	  is	  inherently	  a	  mediated	  
model.	  Specifically,	  we	  are	  interested	  in	  finding	  out	  to	  what	  extent	  maternal	  education	  is	  a)	  
related	  to	  the	  amount	  of	  language	  experience	  infants	  receive,	  and	  in	  turn	  b)	  to	  what	  extent	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those	  early	  experiences	  are	  related	  to	  children’s	  later	  expressive	  language	  skills.	  However,	  
we	  are	  also	  interested	  in	  identifying	  other	  maternal	  characteristics	  that	  can	  potentially	  help	  
to	  explain	  the	  link	  between	  maternal	  education	  and	  children’s	  expressive	  language.	  Thus,	  
based	  on	  the	  literature	  reviewed	  in	  this	  chapter,	  two	  main	  potentially	  mediating	  pathways	  
are	  proposed.	  The	  first	  hypothesised	  pathway	  (top	  half	  of	  Figure	  3)	  is	  through	  early	  
language	  input;	  the	  second	  and	  more	  speculative	  hypothesised	  pathway	  (bottom	  half	  of	  
Figure	  3)	  is	  via	  the	  collection	  of	  individual	  maternal	  characteristics	  discussed	  in	  Section	  
2.3.4.	  Our	  overall	  conceptual	  model	  is	  depicted	  in	  Figure	  3.
	  
Figure	  3	  Conceptual	  model	  of	  mechanisms	  in	  the	  link	  between	  maternal	  education	  and	  




2.6	  Thesis	  Aims	  and	  Research	  Questions	  
The	  overall	  aim	  of	  this	  thesis	  is	  to	  unravel	  the	  association	  between	  maternal	  education	  and	  
early	  child	  vocabulary,	  in	  order	  to	  identify	  mediating	  pathways	  through	  which	  the	  
association	  occurs.	  This	  thesis	  presents	  an	  analysis	  of	  a	  longitudinal	  dataset	  created	  as	  part	  
of	  the	  thesis.	  Fifty	  Australian	  English	  speaking	  families	  were	  recruited.	  In	  half	  of	  the	  families	  
mothers	  had	  attained	  a	  university	  level	  of	  education.	  In	  the	  other	  half	  mothers	  had	  attained	  
less	  than	  a	  university	  level	  of	  education	  (e.g.	  had	  completed	  some	  or	  all	  of	  high	  school	  and	  
sometimes	  post-­‐school	  vocational	  education).	  Measures	  of	  infants’	  early	  language	  
experience	  were	  recorded	  in	  participants’	  homes	  using	  LENA	  technology	  (LENA	  foundation,	  
2009)	  at	  infant	  ages	  6	  to	  9	  months	  and	  12	  to	  15	  months.	  Then	  at	  ages	  12	  to	  15	  months	  and	  
19	  months	  infants’	  expressive	  vocabulary	  was	  measured	  using	  the	  Australian	  English	  
Communicative	  Development	  Inventory	  (OZI;	  Kalashnikova,	  Schwarz,	  &	  Burnham,	  2016).	  
Maternal	  years	  of	  education	  and	  related	  sociodemographic	  and	  personal	  characteristics	  
were	  also	  measured.	  
As	  stated	  in	  Chapter	  One,	  the	  three	  overarching	  research	  questions	  this	  thesis	  aims	  to	  
address	  are:	  	  
1.   To	  what	  extent	  is	  maternal	  education	  related	  to	  children’s	  early	  language	  
experiences	  at	  home?	  
2.   To	  what	  extent	  does	  the	  quantity	  of	  infants’	  earlier	  language	  experience	  mediate	  any	  
observed	  associations	  between	  maternal	  education	  and	  infants’	  early	  expressive	  
vocabulary?	  	  	  
3.   What	  other	  maternal	  factors	  might	  play	  a	  role	  in	  those	  associations?	  
Our	  overall	  hypotheses	  are	  as	  follows:	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H1:	  Based	  on	  the	  existing	  literature,	  we	  predict	  a	  positive	  association	  between	  maternal	  
education	  and	  the	  quantity	  of	  children’s	  early	  language	  experience	  at	  home.	  	  
H2:	  Based	  on	  the	  existing	  literature,	  we	  predict	  firstly	  that	  infants	  of	  mothers	  with	  higher	  
levels	  of	  education	  will	  have	  larger	  expressive	  vocabularies	  in	  the	  second	  year	  compared	  to	  
infants	  of	  mothers	  with	  lower	  levels	  of	  education,	  and	  secondly	  that	  those	  positive	  
associations	  will	  be	  mediated	  by	  the	  amount	  of	  language	  experience	  infants	  receive.	  
H3:	  Our	  examination	  of	  other	  maternal	  factors	  is	  more	  exploratory,	  so	  some	  of	  our	  
expectations	  our	  more	  firm	  than	  others.	  Based	  on	  the	  existing	  literature	  we	  expect	  to	  
observe	  positive	  associations	  between	  maternal	  education	  and	  a)	  maternal	  IQ,	  and	  b)	  
knowledge	  of	  child	  development.	  	  However,	  the	  literature	  to	  date	  provides	  no	  strong	  
support	  for	  well-­‐founded	  hypotheses	  in	  relation	  to	  the	  additional	  maternal	  factors	  under	  
examination	  here.	  	  
In	  order	  to	  address	  our	  overall	  research	  questions,	  a	  number	  of	  smaller	  questions	  
are	  posed.	  Those	  sub-­‐questions	  are	  outlined	  here,	  and	  will	  be	  addressed	  in	  turn	  in	  the	  
chapters	  that	  follow.	  Specific	  hypotheses	  pertaining	  to	  each	  of	  the	  sub-­‐questions	  are	  
defined	  in	  the	  relevant	  chapters.	  	  
Chapter	  3	  will	  focus	  on	  early	  linguistic	  experience	  and	  address	  the	  following	  sub-­‐questions:	  
1.   To	  what	  extent	  does	  the	  amount	  of	  infants’	  exposure	  to	  overheard	  speech	  differ	  
between	  infants	  of	  more	  and	  less	  educated	  mothers?	  
2.   To	  what	  extent	  does	  the	  amount	  of	  verbal	  interaction	  infants	  are	  experiencing	  differ	  
between	  infants	  of	  more	  and	  less	  educated	  mothers?	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3.   To	  what	  extent	  does	  the	  amount	  infants	  are	  vocalising	  differ	  between	  infants	  of	  
more	  and	  less	  educated	  mothers?	  
4.   Are	  differences	  in	  patterns	  of	  family	  talk,	  related	  to	  maternal	  education	  changing	  
across	  time	  between	  6	  to	  9	  months	  and	  12	  to	  15	  months?	  
In	  Chapter	  4,	  the	  research	  focus	  turns	  to	  infants’	  expressive	  vocabulary	  in	  the	  second	  year,	  
where	  it	  will	  address	  the	  following	  sub-­‐questions:	  	  
1.   To	  what	  extent	  is	  variation	  in	  infants’	  expressive	  vocabulary	  size	  at	  12-­‐15	  and	  19	  
months	  related	  to	  maternal	  education?	  
2.   To	  what	  extent	  does	  the	  quantity	  of	  infants’	  earlier	  linguistic	  experience	  mediate	  any	  
observed	  association	  between	  maternal	  education	  and	  expressive	  vocabulary	  in	  the	  
second	  year	  of	  life?	  	  
Chapter	  5	  will	  explore	  the	  potential	  role	  of	  the	  selection	  of	  additional	  factors	  discussed	  in	  
Section	  2.3.4,	  and	  address	  one	  general	  question:	  	  
1.   What	  other	  maternal	  factors	  might	  play	  a	  role	  in	  the	  relationship	  between	  maternal	  
education	  and	  early	  lexical	  development?	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Chapter	  3:	  Early	  Language	  Experience	  
This	  chapter	  presents	  the	  first	  steps	  in	  our	  investigation	  of	  the	  relationship	  between	  
maternal	  education	  and	  infant	  vocabulary	  development.	  From	  the	  SES	  literature	  reviewed	  in	  
Chapter	  2,	  we	  understand	  that	  for	  children	  from	  differing	  SES	  backgrounds	  there	  tend	  to	  be	  
differences	  in	  the	  quantity	  of	  linguistic	  input	  children	  receive.	  However,	  most	  of	  the	  
research	  to	  date	  has	  focused	  on	  children	  in	  toddlerhood	  and	  beyond,	  when	  children	  are	  
already	  talking,	  so	  it	  is	  not	  clear	  how	  early	  such	  differences	  in	  linguistic	  input	  might	  become	  
evident.	  Furthermore,	  although	  some	  studies	  show	  evidence	  of	  a	  gap	  that	  increases	  with	  
children’s	  age,	  in	  terms	  of	  how	  much	  parents	  from	  differing	  socioeconomic	  backgrounds	  
talk	  to	  their	  children	  (e.g.	  Hart	  &	  Risley,	  1995;	  Vanormelingen	  &	  Gillis,	  2016),	  other	  evidence	  
suggests	  that	  differences	  may	  be	  more	  stable	  (Rowe,	  Pan,	  &	  Ayoub,	  2005).	  So,	  firstly,	  we	  
were	  interested	  in	  how	  early	  we	  might	  see	  evidence	  of	  links	  between	  maternal	  education	  
and	  linguistic	  input.	  Secondly,	  we	  also	  wanted	  to	  examine	  whether	  any	  observed	  
relationships	  would	  remain	  stable	  or	  change	  over	  time	  as	  the	  children	  in	  the	  sample	  
developed	  from	  being	  pre-­‐talkers	  to	  emerging	  talkers.	  Socioeconomic	  factors	  aside,	  we	  do	  
know	  that	  early	  linguistic	  experience	  is	  important	  to	  language	  acquisition,	  so	  before	  we	  
focus	  in	  on	  the	  literature	  concerning	  SES	  and	  language,	  we	  will	  cite	  some	  evidence	  in	  
support	  of	  that	  importance.	  	  
3.1	  The	  Importance	  of	  Early	  Linguistic	  Experience	  	  
Although	  individual	  differences	  in	  verbal	  ability	  are	  partially	  dictated	  by	  genetics	  (e.g.	  
Oliver	  &	  Plomin,	  2007;	  	  D.	  Rowe,	  Jacobson,	  &	  Van	  den	  Oord,	  1999),	  social	  interaction	  is	  
pivotal	  to	  natural	  language	  acquisition	  (e.g.	  Kitamura	  &	  Burnham,	  2003;	  Kuhl,	  2007).	  The	  
period	  between	  six	  and	  twelve	  months	  is	  a	  time	  of	  rapid	  change	  in	  infant	  speech	  perception	  
as,	  through	  linguistic	  experience,	  infants	  are	  becoming	  more	  specialised	  perceivers	  of	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language	  (Kuhl,	  Williams,	  Lacerda,	  Stevens,	  &	  Lindblom,	  1992;	  Polka	  &	  Werker,	  1994).	  Their	  
communicative	  attempts	  are	  becoming	  more	  and	  more	  speech-­‐like	  as	  they	  approach	  the	  
time	  when	  they	  will	  speak	  their	  first	  recognisable	  word.	  By	  around	  six	  months,	  infants	  have	  
begun	  to	  learn	  the	  social	  value	  of	  their	  vocalisations,	  and	  will	  increase	  volubility	  (i.e.	  the	  
amount	  of	  speech-­‐like	  vocalisation)	  during	  interactions	  to	  re-­‐engage	  their	  parents	  (Franklin	  
et	  al.,	  2014).	  Parental	  social	  behaviours	  during	  such	  interactions,	  including	  verbal	  
responsiveness	  (Elsabbagh	  et	  al.,	  2013;	  Tamis-­‐LeMonda,	  Bornstein,	  &	  Baumwell,	  2001;	  
Tamis-­‐LeMonda	  et	  al.,	  2014)	  and	  the	  use	  of	  infant-­‐directed	  speech	  (Hirsh-­‐Pasek,	  Kemler	  
Nelson,	  Jusczyk,	  &	  Wright,	  1986;	  Liu,	  Kuhl,	  &	  Tsao,	  2003;	  Thiessen,	  Hill,	  &	  Saffran,	  2005;	  
Trainor	  &	  Desjardins,	  2002)	  constitute	  important	  aspects	  of	  early	  language	  experience	  that	  
support	  language	  development.	  Another	  important	  element,	  the	  focus	  of	  the	  current	  study,	  
is	  the	  amount	  of	  linguistic	  input	  infants	  receive.	  	  	  
A	  number	  of	  studies	  have	  shown	  a	  substantial	  relation	  between	  variation	  in	  
children’s	  vocabulary	  growth	  in	  the	  second	  year	  and	  how	  much	  their	  mothers	  talk	  to	  them	  
(Hurtado	  et	  al.,	  2008;	  Huttenlocher	  et	  al.,	  1991;	  Weisleder	  &	  Fernald,	  2013).	  In	  one	  of	  these	  
studies	  (Hurtado	  et	  al.,	  2008),	  when	  the	  amount	  of	  maternal	  speech	  input	  children	  were	  
receiving	  at	  18	  months	  was	  used	  to	  predict	  vocabulary	  size	  at	  24	  months,	  differences	  
related	  to	  the	  amount	  of	  speech	  input	  were	  over	  and	  above	  variation	  that	  could	  be	  
explained	  by	  children’s	  vocabulary	  levels	  at	  18	  months.	  Although	  little	  research	  has	  
investigated	  these	  relationships	  in	  the	  first	  year	  of	  life,	  a	  recent	  study	  showed	  that	  how	  
much	  mothers	  talked	  to	  their	  7-­‐month-­‐olds	  and,	  contained	  within	  that,	  both	  the	  diversity	  
and	  repetitiveness	  of	  the	  words	  they	  used,	  predicted	  vocabulary	  scores	  when	  children	  were	  
two	  years	  old	  (Newman	  et	  al.,	  2015).	  The	  authors	  reported	  that	  speech	  input	  influenced	  
vocabulary	  size	  together	  with,	  but	  separate	  from,	  any	  contribution	  of	  infants’	  abilities	  to	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segment	  words	  at	  seven	  months.	  Thus,	  it	  appears	  the	  amount	  of	  linguistic	  input	  infants	  
receive,	  even	  from	  well	  before	  they	  have	  acquired	  speech,	  plays	  a	  key	  role	  in	  vocabulary	  
acquisition.	  Now	  we	  will	  look	  at	  the	  evidence	  concerning	  vocabulary	  acquisition	  in	  the	  
current	  context.	  	  
3.2	  What	  do	  we	  know	  about	  SES	  differences	  in	  early	  language	  development?	  
3.2.1	  Differences	  between	  high-­‐‑	  and	  low-­‐‑SES	  groups	  
We	  know,	  from	  research	  conducted	  in	  recent	  years	  by	  Anne	  Fernald	  and	  colleagues,	  
for	  example,	  that	  an	  SES-­‐related	  gap	  in	  language	  development	  is	  evident	  in	  the	  second	  year	  
of	  life.	  In	  one	  study	  (Fernald	  et	  al.,	  2013),	  vocabulary	  development	  and	  spoken	  language	  
processing	  from	  18	  to	  24	  months	  were	  followed	  in	  a	  socioeconomically	  and	  ethnically	  
diverse	  cohort	  of	  48	  English-­‐learning	  infants.	  Fernald	  et	  al.	  assessed	  vocabulary	  using	  the	  
MacArthur	  Bates-­‐Communicative	  Development	  Inventory	  (CDI;	  Fenson	  et	  al.,	  1993).	  
Language	  processing	  efficiency	  was	  measured	  during	  a	  spoken	  word	  recognition	  task.	  Using	  
an	  experimental	  paradigm	  common	  to	  infant	  speech	  perception	  research,	  children	  heard	  
target	  (familiar)	  and	  distractor	  words	  paired	  with	  pictures	  corresponding	  to	  the	  target	  
words.	  Children’s	  gazing	  behaviour	  toward	  the	  target	  word/object	  pairs	  was	  analysed	  for	  
accuracy	  and	  reaction	  time.	  Results	  showed	  that	  at	  18	  months	  of	  age,	  infants	  were	  already	  
displaying	  disparities	  in	  vocabulary	  growth	  and	  language	  processing	  efficiency	  associated	  
with	  SES	  differences.	  That	  is,	  at	  18	  months	  the	  group	  of	  infants	  from	  higher-­‐SES	  families	  
(based	  on	  parent	  education	  and	  occupation)	  already	  had	  more	  advanced	  vocabularies,	  and	  
displayed	  faster	  and	  more	  accurate	  spoken	  word	  recognition,	  than	  their	  lower-­‐SES	  
counterparts.	  Furthermore,	  and	  of	  particular	  relevance	  to	  the	  current	  investigation,	  Fernald	  
et	  al.	  reported	  the	  trajectory	  of	  vocabulary	  growth	  between	  18	  and	  24	  months	  differed	  as	  a	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function	  of	  SES,	  such	  that	  the	  mean	  difference	  in	  vocabulary	  size	  between	  the	  two	  groups	  of	  
infants	  increased	  from	  less	  than	  70	  words	  at	  18	  months	  to	  over	  150	  words	  at	  24	  months.	  
	  In	  a	  follow-­‐up	  study	  of	  29	  Spanish–learning	  infants	  from	  low	  SES	  families,	  Weisleder	  
and	  Fernald	  (2013)	  investigated	  whether	  differences	  in	  language	  processing	  and	  vocabulary	  
learning	  at	  24	  months	  were	  related	  to	  the	  amount	  of	  speech	  accessible	  to	  children	  in	  daily	  
life	  when	  they	  were	  19	  months	  old.	  The	  LENA	  system	  (LENA	  Foundation,	  2009)	  was	  used	  to	  
make	  long	  recordings	  (M	  =	  11	  hours)	  of	  typical	  days	  in	  the	  home	  environment.	  From	  these	  
recordings,	  estimates	  of	  word	  counts	  across	  a	  10-­‐hour	  period	  were	  calculated.	  Results	  
revealed	  striking	  individual	  differences	  in	  both	  the	  quantity	  of	  words	  spoken	  around	  the	  
infants	  by	  adults	  and	  the	  quantity	  of	  words	  spoken	  specifically	  to	  the	  infants	  at	  19	  months.	  
Greater	  exposure	  to	  adult	  talk	  at	  19	  months	  did	  not	  predict	  children	  having	  larger	  
vocabularies	  at	  24	  months;	  however	  greater	  exposure	  to	  child-­‐directed	  speech	  at	  19	  was	  
associated	  with	  larger	  vocabulary	  size	  at	  24	  months.	  Furthermore,	  the	  relation	  between	  
infant	  vocabulary	  at	  24	  months	  and	  child-­‐directed	  speech	  at	  19	  months	  remained	  robust	  
even	  after	  controlling	  for	  how	  much	  infants	  vocalized	  at	  19	  months.	  Finally,	  Weisleder	  and	  
Fernald	  reported	  that	  the	  relationship	  between	  child-­‐directed	  speech	  and	  vocabulary	  
development	  was	  partially	  mediated	  by	  infant	  speech	  processing	  ability,	  suggesting	  that	  
early	  language	  experience	  influences	  vocabulary	  development,	  at	  least	  in	  part,	  by	  
sharpening	  infants’	  speech	  processing	  skills.	  Although	  differences	  in	  parental	  engagement	  in	  
this	  study	  were	  not	  related	  to	  maternal	  education,	  which	  is	  not	  surprising	  given	  most	  of	  the	  
mothers	  in	  the	  study	  had	  not	  completed	  high	  school,	  they	  do	  attest	  to	  the	  important	  role	  of	  
early	  language	  experience.	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Another	  recent	  study	  measured	  language	  skills	  in	  9-­‐	  to	  21-­‐	  month	  old	  children	  (N	  =	  
179)	  from	  socioeconomically	  diverse	  families	  (Noble	  et	  al.,	  2015);	  one	  cohort	  when	  children	  
were	  9-­‐	  and	  15	  months	  old	  (n	  =	  90),	  and	  one	  cohort	  when	  they	  were	  15-­‐	  and	  21	  months.	  In	  
the	  study	  SES	  was	  measured	  by	  calculating	  two	  factors:	  1)	  parental	  education	  and	  2)	  family	  
income-­‐to-­‐needs	  ratio.	  Receptive	  and	  expressive	  language	  skills	  were	  measured	  using	  the	  
Preschool	  Language	  Scales	  (Zimmerman,	  Steiner	  &	  Pond,	  2002).	  Noble	  et	  al.	  reported	  
significant	  differences	  in	  a)	  receptive	  language	  at	  15-­‐months,	  and	  b)	  receptive	  and	  
expressive	  language	  at	  21-­‐months	  attributable	  to	  parental	  education,	  but	  no	  such	  
differences	  were	  evident	  at	  9-­‐months.	  That	  is,	  the	  association	  between	  parental	  education	  
and	  child	  language	  increased	  over	  time,	  and	  was	  only	  clearly	  evident	  in	  expressive	  
communication	  after	  15	  months.	  A	  couple	  of	  points	  are	  worth	  noting	  here,	  for	  their	  
relevance	  in	  the	  context	  of	  our	  wider	  investigation.	  Firstly,	  when	  it	  came	  to	  differences	  in	  
children’s	  language	  trajectories	  over	  time,	  for	  the	  most	  part,	  disparities	  were	  due	  to	  
children	  of	  more	  educated	  parents	  scoring	  above	  age	  norms,	  rather	  than	  children	  of	  less	  
educated	  parents	  scoring	  below	  average.	  Secondly,	  at	  none	  of	  the	  reported	  ages	  were	  child	  
language	  differences	  associated	  with	  family	  income-­‐to-­‐needs	  ratio,	  providing	  support	  for	  
the	  view	  expressed	  by	  other	  developmental	  researchers	  (e.g.	  Hoff,	  2003a)	  that,	  when	  it	  
comes	  to	  child	  language,	  parental	  education	  is	  a	  more	  relevant	  SES	  factor	  to	  consider	  than	  
family	  income.	  	  
3.2.2	  Differences	  within	  Low-­‐‑SES	  samples	  
The	  mediating	  role	  of	  parental	  language	  input	  can	  also	  be	  seen	  in	  other	  studies	  
looking	  at	  differences	  in	  language	  development,	  between	  toddlers	  within	  low-­‐SES	  groups.	  
For	  example,	  Rowe,	  Pan,	  and	  Ayoub	  (2005)	  studied	  variation	  in	  maternal	  talk	  longitudinally	  
in	  low-­‐income	  families.	  During	  10	  minute	  videotaped	  play	  interactions	  with	  their	  1-­‐	  to	  3-­‐	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year-­‐olds	  at	  home,	  more	  educated	  mothers	  produced	  more	  word	  tokens	  (on	  average,	  56	  
more	  word	  tokens	  for	  every	  additional	  year	  of	  schooling)	  and	  used	  more	  diverse	  vocabulary	  
with	  their	  children	  than	  less	  educated	  mothers.	  In	  a	  related	  study	  of	  the	  same	  cohort	  of	  
Spanish-­‐learning	  children,	  greater	  child	  vocabulary	  growth	  was	  positively	  associated	  with	  
the	  quantity	  (i.e.	  number	  of	  words	  spoken)	  and	  quality	  (i.e.	  lexical	  diversity,	  and	  number	  and	  
length	  of	  utterances)	  of	  maternal	  speech	  (Pan	  et	  al.,	  2005).	  In	  a	  sample	  of	  American	  children	  
from	  ethnically	  diverse,	  low-­‐income	  families	  (Song	  et	  al.,	  2014),	  maternal	  language	  use	  was	  
measured	  as	  number	  of	  words,	  number	  of	  word	  types,	  and	  a	  diversity	  value	  calculated	  from	  
the	  first	  two	  measures,	  when	  children	  were	  two	  years	  old.	  Higher	  scores	  on	  these	  maternal	  
measures	  correlated	  positively	  with	  children’s	  lexical	  diversity	  at	  age	  two	  and	  three,	  and	  
receptive	  vocabulary	  and	  cognitive	  development	  at	  age	  three.	  	  
Another	  study	  assessed	  early	  parent-­‐child	  interactions	  in	  the	  home	  (via	  brief	  
questionnaire-­‐based	  parental	  interviews	  ),	  infant	  prelinguistic	  communication	  at	  6	  months	  
(via	  parent-­‐report	  measures),	  and	  then	  toddler	  language	  at	  24	  months	  (via	  the	  Preschool	  
Language	  Scales)	  in	  320	  low-­‐SES	  families	  (Cates	  et	  al.,	  2012).	  Cates	  et	  al.	  found	  that	  parents	  
who	  reported	  engaging	  in	  more	  back-­‐and-­‐forth	  verbal	  interactions	  with	  their	  infants	  in	  the	  
context	  of	  daily	  routines	  also	  reported	  more	  communicative	  bids	  (i.e.	  bids	  for	  parental	  
attention)	  on	  the	  part	  of	  their	  6-­‐month-­‐olds.	  In	  turn,	  infant	  communication	  bids	  at	  six	  
months	  predicted	  children’s	  language	  scores	  at	  24	  months.	  Within	  their	  low-­‐SES	  sample,	  
Cates	  et	  al.	  did	  not	  investigate	  maternal	  education	  directly;	  however,	  it	  was	  included	  as	  a	  
covariate	  in	  their	  structural	  equation	  model.	  The	  model	  showed	  that	  although	  maternal	  
education	  was	  not	  directly	  related	  to	  6-­‐month-­‐olds’	  communication	  bids,	  it	  was	  a	  significant	  
predictor	  of	  the	  amount	  of	  reported	  cognitive	  stimulation	  (including	  parent-­‐child	  verbal	  
interactions)	  provided	  by	  parents	  when	  infants	  were	  6	  months	  old.	  The	  results	  of	  this	  study	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are	  promising,	  in	  terms	  of	  demonstrating	  a	  relationship	  between	  early	  experience	  and	  later	  
language	  development	  in	  a	  large	  sample	  of	  low-­‐SES	  families.	  However,	  the	  measures	  of	  
parent-­‐child	  interaction	  and	  infant	  communication	  used	  provide	  limited	  information	  about	  
the	  day-­‐to-­‐day	  behaviours	  that	  are	  of	  interest	  in	  the	  current	  context.	  
3.2.3	  SES	  differences	  in	  the	  first	  year	  	  
The	  research	  on	  SES	  effects	  on	  infant	  language	  in	  the	  first	  year	  is	  still	  quite	  sparse.	  
However,	  one	  recent	  study	  assessed	  infant	  language	  in	  a	  cohort	  of	  lower	  SES,	  female,	  
African	  American	  7-­‐month-­‐olds	  (Betancourt	  et	  al.,	  2015).	  Based	  on	  a	  combination	  of	  
income-­‐to-­‐needs	  and	  maternal	  education,	  SES	  within	  the	  sample	  (N	  =	  54)	  was	  categorised	  as	  
low	  or	  high.	  Infants’	  language	  skills	  were	  assessed	  using	  the	  Preschool	  Language	  Scales.	  On	  
average,	  infants	  in	  the	  relatively	  higher-­‐SES	  group	  scored	  around	  half	  a	  standard	  deviation	  
higher	  on	  the	  scales’	  total	  language	  composite	  (incorporating	  auditory	  comprehension	  and	  
expressive	  communication)	  than	  their	  lower-­‐SES	  counterparts.	  Mothers’	  vocabulary	  and	  
visual-­‐spatial	  cognitive	  skills	  were	  assessed	  and	  both	  were	  significantly	  associated	  with	  SES	  
and	  mothers’	  scores	  on	  both	  subtests.	  However	  in	  a	  regression	  model	  assessing	  a	  potential	  
mediating	  role	  of	  mothers’	  vocabulary	  skills	  on	  infant	  language,	  mothers’	  vocabulary	  scores	  
were	  not	  significantly	  related	  to	  infant	  language	  scores.	  Thus,	  their	  evidence	  highlights	  the	  
need	  to	  examine	  infants’	  early	  language	  learning	  experiences,	  to	  gain	  insight	  into	  the	  
environmental	  influences	  that	  contribute	  to	  such	  differences.	  	  
Early	  SES-­‐related	  differences	  in	  maternal	  talk	  have	  been	  investigated	  in	  a	  recent	  
study	  of	  Dutch-­‐speaking	  Belgian	  mothers	  and	  their	  children	  (Vanormelingen	  &	  Gillis,	  2016).	  
One-­‐	  to	  two-­‐hour	  video	  recordings	  of	  spontaneous	  interactions	  at	  home	  between	  the	  
children	  and	  other	  family	  members	  were	  collected	  at	  six	  to	  seven	  time	  points,	  when	  infants	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were	  between	  six	  and	  24	  months	  old.	  The	  study	  revealed	  clear	  differences	  between	  mid-­‐to-­‐
high-­‐	  and	  low-­‐SES	  mothers	  in	  three	  aspects	  of	  their	  talk	  to	  their	  children:	  total	  duration	  of	  
speech;	  number	  of	  child-­‐directed	  utterances	  per	  hour;	  and	  how	  often	  they	  responded	  to	  
their	  children’s	  utterances	  per	  hour	  (turns).	  Despite	  large	  individual	  variation,	  as	  a	  group	  the	  
mid-­‐high-­‐SES	  mothers	  spoke	  to	  their	  children	  in	  longer	  stretches	  of	  speech,	  produced	  more	  
utterances	  per	  hour,	  and	  responded	  more	  often	  to	  their	  children’s	  talk,	  compared	  to	  the	  
low-­‐SES	  mothers.	  These	  differences	  in	  maternal	  talk	  were	  evident	  from	  when	  infants	  were	  
six	  months	  old	  and	  became	  more	  pronounced	  over	  time.	  Interestingly,	  as	  children	  got	  older,	  
although	  there	  was	  generally	  more	  talk	  occurring	  between	  mid-­‐high-­‐SES	  mothers	  and	  their	  
children,	  the	  amount	  of	  talk	  between	  low-­‐SES	  mothers	  and	  their	  children	  was	  actually	  
decreasing.	  The	  effect	  was	  observed	  across	  all	  three	  speech	  input	  measures	  (i.e.	  duration,	  
utterances	  per	  hour,	  and	  turns	  per	  hour).	  These	  findings	  lend	  support	  to	  the	  observations	  of	  
earlier	  studies	  (e.g.	  Hart	  &	  Risley,	  1995;	  Hoff-­‐Ginsberg,	  1991)	  that,	  when	  compared	  to	  lower	  
SES	  parents,	  higher	  SES	  parents	  appear	  more	  ready	  to	  engage	  their	  children	  as	  
conversational	  partners.	  They	  also	  lend	  support	  to	  the	  notion	  of	  the	  increasing	  gap	  referred	  
to	  by	  Hart	  &	  Risley	  (1995)	  that	  begins	  early	  in	  life.	  
3.2.4	  The	  gap	  in	  the	  literature	  
The	  studies	  mentioned	  above	  provide	  examples	  of	  how	  variability	  in	  outcomes	  can	  
be	  found	  within,	  as	  well	  as	  between,	  SES	  groups	  early	  in	  the	  developmental	  trajectory.	  They	  
also	  illustrate	  how	  the	  effects	  of	  SES	  factors	  on	  language	  development,	  though	  robust	  and	  
substantial,	  are	  not	  simple	  (Hoff,	  2006).	  Importantly,	  they	  show	  that	  measures	  of	  parental	  
speech	  input	  can	  be	  valuable	  predictors	  to	  tease	  apart	  factors	  in	  the	  complex	  relationship	  
between	  SES	  and	  child	  language	  development.	  As	  is	  evident	  from	  the	  studies	  discussed	  
already,	  the	  research	  into	  SES	  differences	  in	  child	  language	  before	  12	  months	  is	  sparse,	  and	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little	  research	  focus	  has	  been	  turned	  toward	  SES	  differences	  in	  speech	  input	  in	  the	  first	  year	  
of	  life,	  which	  leads	  us	  to	  the	  motivation	  for	  the	  current	  research.	  Naturally,	  there	  are	  many	  
aspects	  of	  early	  communication	  experience	  relevant	  to	  infant	  vocabulary	  development	  that	  
could	  potentially	  shed	  light	  on	  this	  complex	  picture.	  	  However,	  findings	  from	  a	  recent	  
longitudinal	  study	  help	  point	  the	  way	  towards	  a	  useful	  starting	  point.	  The	  study	  evaluated	  a	  
range	  of	  input	  measures	  for	  their	  individual	  roles	  in	  the	  positive	  association	  between	  
maternal	  education	  and	  child	  vocabulary	  development	  between	  18	  and	  54	  months	  (Rowe,	  
2012).	  The	  results	  suggest	  that	  questions	  of	  ‘how	  much	  speech	  input?’	  may	  be	  particularly	  
pertinent	  during	  the	  first	  two	  years,	  whereas	  questions	  regarding	  specific	  features	  of	  that	  
input	  perhaps	  become	  more	  relevant	  as	  children	  get	  older.	  Thus,	  in	  the	  study	  reported	  here	  
we	  concentrated	  on	  variation	  in	  the	  overall	  amount	  of	  linguistic	  input	  infants	  were	  receiving	  
at	  two	  ages,	  first	  when	  they	  would	  be	  pre-­‐talkers	  and	  again	  when	  they	  would	  be	  emerging	  
talkers.	  	  
3.3	  The	  Current	  Study	  
The	  study	  reported	  here	  incorporates	  the	  first	  stages	  in	  our	  longitudinal	  investigation.	  
The	  aim	  was	  to	  examine	  the	  relationship	  between	  maternal	  education	  (our	  measure	  of	  SES)	  
and	  the	  amount	  of	  linguistic	  experience	  available	  to	  infants	  in	  their	  home	  environment.	  We	  
began	  by	  examining	  linguistic	  experience	  when	  infants	  were	  aged	  between	  six	  and	  nine	  
months,	  and	  followed	  up	  when	  they	  were	  between	  12	  and	  15	  months.	  We	  gauged	  linguistic	  
experience	  using	  naturalistic	  speech	  measures	  extracted	  from	  full-­‐day	  recordings	  of	  infants’	  





We	  posed	  four	  research	  questions:	  	  
1.   To	  what	  extent	  does	  the	  quantity	  of	  infants’	  exposure	  to	  overheard	  speech	  differ	  
between	  infants	  of	  more	  and	  less	  educated	  mothers?	  
2.   To	  what	  extent	  does	  the	  quantity	  of	  verbal	  interaction	  infants	  are	  experiencing	  
differ	  between	  infants	  of	  more	  and	  less	  educated	  mothers?	  
3.   To	  what	  extent	  does	  the	  amount	  infants	  are	  vocalising	  differ	  between	  infants	  of	  
more	  and	  less	  educated	  mothers?	  
4.   Are	  differences	  in	  patterns	  of	  family	  talk,	  related	  to	  maternal	  education	  changing	  
across	  time	  between	  6	  to	  9	  months	  and	  12	  to	  15	  months?	  
Based	  on	  the	  literature	  already	  discussed,	  we	  hypothesised	  that	  1)	  the	  number	  of	  words	  
spoken	  by	  adults	  around	  infants	  and	  2)	  the	  number	  of	  spoken	  caregiver-­‐child	  interactions	  
would	  be	  higher	  for	  infants	  of	  more	  educated	  mothers	  at	  both	  ages.	  We	  also	  speculated	  
that	  3)	  if	  verbal	  communication	  attempts	  on	  the	  part	  of	  the	  infant	  are	  a	  key	  factor	  here,	  
then	  we	  could	  expect	  the	  number	  of	  child	  vocalisations	  to	  be	  higher	  for	  infants	  of	  more	  
educated	  mothers.	  Alternatively,	  if	  the	  verbal	  communication	  of	  caregivers	  is	  the	  more	  
prominent	  factor	  at	  this	  stage	  of	  development,	  then	  we	  may	  expect	  to	  find	  no	  differences	  in	  
child	  vocalisation.	  Finally,	  based	  on	  existing	  evidence,	  we	  hypothesised	  that	  4)	  we	  would	  see	  
increasing	  differences	  in	  patterns	  of	  family	  talk,	  related	  to	  maternal	  education,	  across	  time	  
between	  6	  to	  9	  months	  and	  12	  to	  15	  months.	  	  Primarily,	  we	  wanted	  to	  understand	  whether	  
differences	  related	  to	  maternal	  education	  were	  apparent	  before	  or	  around	  the	  time	  when	  





3.3.1	  Participants	  	  
Recruitment	  	  
Participants	  were	  recruited	  via	  two	  main	  avenues.	  Firstly,	  we	  distributed	  flyers	  
through	  community	  noticeboards,	  libraries,	  playgroups,	  and	  social	  media.	  Secondly,	  
potential	  participants	  were	  contacted	  via	  the	  MARCS	  BabyLab	  infant	  register,	  a	  database	  of	  
parents	  from	  the	  community	  who	  have	  expressed	  interest	  in	  participating	  in	  infant	  research	  
studies.	  	  
Inclusion	  criteria	  
Participants	  needed	  to	  be	  from	  English-­‐speaking	  families	  from	  the	  Greater	  Western	  
Sydney	  region,	  with	  an	  infant	  aged	  between	  six	  and	  nine	  months,	  who	  were	  willing	  to	  
consent	  to	  the	  requirements	  of	  a	  longitudinal	  study.	  Furthermore,	  the	  nature	  of	  the	  study	  
required	  at	  least	  one	  parent	  to	  be	  home	  with	  their	  child	  for	  a	  few	  days	  across	  a	  period	  of	  
approximately	  one	  week,	  in	  order	  to	  make	  the	  recordings.	  This	  would	  not	  be	  unusual	  in	  
contemporary	  Australia,	  where	  many	  families	  from	  varying	  socioeconomic	  backgrounds	  use	  
combinations	  of	  care	  arrangements	  and	  work	  arrangements	  (e.g.	  flexible	  working	  hours,	  
part-­‐time	  work,	  shift	  work,	  or	  working	  at	  home)	  to	  manage	  the	  care	  of	  children.	  To	  provide	  
some	  context,	  in	  2014	  in	  New	  South	  Wales	  (where	  the	  research	  took	  place),	  less	  than	  50%	  
of	  children	  under	  2	  years	  of	  age	  usually	  attended	  some	  type	  of	  formal	  care	  (e.g.	  long	  day	  
care)	  or	  informal	  care	  (e.g.	  grandparents	  or	  other	  relatives).	  The	  figure	  increased	  to	  around	  
74%	  between	  2	  to	  3	  years	  of	  age,	  decreased	  to	  around	  63%	  between	  4	  and	  5	  years	  of	  age,	  
and	  then	  dropped	  off	  to	  around	  44%	  from	  ages	  6	  to	  12	  years	  (Australian	  Bureau	  of	  Statistics,	  
2015).	  To	  provide	  some	  further	  economic	  context,	  in	  2014,	  51.4%	  of	  children	  aged	  0-­‐12	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years	  usually	  attended	  some	  type	  of	  formal	  or	  informal	  non-­‐parental	  care.	  That	  proportion	  
tended	  to	  increase	  with	  family	  income,	  ranging	  from	  38.8%	  in	  families	  with	  weekly	  incomes	  
less	  than	  $1400,	  to	  55.9%	  in	  families	  with	  weekly	  incomes	  between	  $1400-­‐$2499,	  and	  
62.2%	  in	  families	  with	  weekly	  incomes	  greater	  than	  $2500	  (Australian	  Bureau	  of	  Statistics,	  
2015).	  
As	  discussed	  in	  Chapter	  1,	  an	  original	  context	  for	  the	  current	  data	  collection	  was	  to	  
provide	  data	  on	  language	  development	  in	  normal	  hearing	  infants	  for	  a	  wider	  investigation	  of	  
language	  outcomes	  for	  infants	  with	  hearing	  loss	  (Ching,	  Dillon,	  Marnane,	  &	  Hou,	  2013).	  
Thus,	  we	  included	  only	  infants	  who	  had	  passed	  their	  newborn	  hearing	  test.	  Maternal	  
education	  was	  the	  key	  factor	  of	  interest	  in	  the	  study,	  so	  we	  aimed	  to	  recruit	  mothers	  into	  
two	  groups,	  based	  on	  educational	  attainment:	  a	  higher	  education	  group	  (bachelor	  degree	  or	  
higher)	  and	  a	  lower	  education	  group	  (12	  years	  of	  high	  school	  or	  less).	  	  As	  shown	  in	  Table	  1,	  
education	  levels	  have	  risen	  in	  Australia	  in	  the	  last	  decade	  or	  so,	  particularly	  among	  young	  
women	  (Australian	  Bureau	  of	  Statistics,	  n.d).	  As	  a	  consequence,	  it	  proved	  difficult	  to	  recruit	  
mothers	  with	  less	  than	  a	  high	  school	  education,	  and	  many	  of	  those	  who	  had	  not	  completed	  
high	  school	  had	  gone	  on	  to	  complete	  other	  qualifications	  of	  some	  sort.	  Thus,	  we	  adjusted	  
the	  criteria	  for	  the	  lower	  education	  group	  to	  also	  include	  mothers	  who	  had	  completed	  some	  
form	  of	  formal	  education	  beyond	  high	  school	  (e.g.	  trade	  certificate,	  diploma	  etc.).	  
Consequently,	  in	  our	  final	  sample,	  the	  dividing	  line	  between	  our	  higher	  and	  lower	  groups	  
was	  whether	  or	  not	  mothers	  had	  completed	  a	  university	  degree	  (higher	  =	  bachelor	  degree	  




Table	  1.	  Proportion	  of	  Australian	  women	  aged	  18-­‐44	  attaining	  Year	  12	  or	  a	  formal	  
qualification	  at	  Certificate	  II	  or	  above	  in	  2001	  and	  2014.	  
	  
≥	  Year	  12	  OR	  
Certificate	  II	  
≥	  Certificate	  II3	  
	  
≥	  Certificate	  III4	  
	  
≥	  Bachelor	  Degree	  
	  
Age	   2001	   2014	   2001	   2014	   2001	   2014	   2001	   2014	  
18-­‐24	   80.61	   89.51	   39.6	   46.6	   25.1	   35.1	   11.7	   14.9	  
25–29	   78.7	   89.6	   57.0	   68.6	   46.7	   66.0	   28.5	   42.0	  
30–342	   70.1	   88.7	   52.1	   71.3	   41.1	   69.5	   23.7	   43.3	  
35-­‐44	   61.8	   84.2	   47.9	   67.2	   37.3	   64.7	   20.8	   35.0	  
1Figures	  are	  for	  females	  aged	  20-­‐24.	  
2Italicised	  values	  represent	  mean	  age	  of	  sample.	  
3	  Includes	  any	  of	  the	  following:	  Year	  12	  Certificate;	  Certificate	  II,	  III,	  or	  IV;	  Advanced	  Diploma	  or	  Diploma;	  Bachelor	  Degree;	  
Graduate	  Diploma	  or	  Graduate	  Certificate,	  or	  Post	  Graduate	  Degree.	  
4	  Includes	  any	  of	  the	  following:	  Year	  12;	  Certificate	  III,	  or	  IV;	  Advanced	  Diploma	  or	  Diploma;	  Bachelor	  Degree;	  Graduate	  
Diploma	  or	  Graduate	  Certificate,	  or	  Post	  Graduate	  Degree.	  
Source:	  Australian	  Bureau	  of	  Statistics,	  2015	  
Description	  of	  sample	  
Stage	  One	  –	  6-­‐‑9	  months	  
Fifty	  one	  eligible	  mothers	  consented	  to	  participate	  in	  the	  study	  with	  their	  infants	  (27	  males,	  
24	  females).	  One	  participant	  was	  subsequently	  excluded	  from	  the	  sample	  due	  to	  insufficient	  
data.	  That	  is,	  recordings	  on	  both	  days	  were	  less	  than	  the	  10	  hours	  needed	  for	  the	  speech-­‐
processing	  software	  to	  generate	  the	  word-­‐count	  estimates.	  A	  more	  detailed	  description	  of	  
the	  software	  we	  used	  is	  provided	  in	  section	  3.3.2.	  Thus,	  the	  final	  sample	  for	  the	  first	  stage	  of	  
recording	  data	  included	  50	  infants	  (26	  males,	  24	  females).	  Though	  we	  had	  no	  criteria	  
regarding	  race	  or	  ethnicity,	  our	  sample	  was	  ethnically	  and	  racially	  similar,	  consisting	  of	  
Caucasian	  primarily	  non-­‐migrant	  Australian	  families.	  Maternal	  age	  ranged	  from	  21	  to	  44	  
years	  (M	  =	  30.82,	  SD	  =	  5.13),	  and	  maternal	  education	  in	  the	  sample	  ranged	  from	  10	  to	  18	  
years	  (M	  =	  14.6,	  SD	  =	  2.19).	  Figure	  4	  illustrates	  the	  various	  combinations	  of	  educational	  
experience	  of	  mothers	  in	  the	  study.	  At	  this	  first	  phase	  infant	  age	  ranged	  from	  6.1	  to	  9.3	  
months	  (M	  =	  7.88,	  SD	  =	  0.89).	  Table	  2	  contains	  more	  detailed	  demographic	  information	  for	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the	  whole	  sample,	  and	  separately	  for	  our	  two	  groups.	  At	  the	  time	  families	  participated	  in	  
the	  first	  stage	  of	  the	  study,	  mothers	  were	  the	  main	  caregivers	  in	  all	  but	  one	  family,	  in	  which	  
the	  father	  was	  currently	  the	  main	  caregiver,	  and	  had	  been	  for	  the	  month	  or	  so	  prior	  to	  the	  
family’s	  participation.	  During	  the	  first	  stage	  forty-­‐two	  infants	  were	  in	  the	  full-­‐time	  care	  of	  
their	  parents,	  three	  were	  cared	  for	  by	  other	  family	  members	  part-­‐time,	  four	  attended	  day	  
care	  part-­‐time,	  and	  one	  was	  in	  the	  part-­‐time	  care	  of	  family	  members	  and	  also	  attended	  day	  
care	  part-­‐time	  
	  
	   Figure	  4	  Graph	  depicts	  varying	  combinations	  of	  maternal	  educational	  experience	  in	  the	  sample.	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Table	  2.	  Individual	  Characteristics	  for	  the	  Sample	  
Characteristic	   All	  participants	  
	  (N	  =	  50)	  
Lower	  education	  
group	  (n	  =	  25)	  
Higher	  education	  
group	  (n	  =	  25)	  
Infant	  Gender	   	   	   	  
Female	  n	  (%)	   24	  (48)	   10	  (40)	   14	  (56)	  
Maternal	  Education	  (Years)	   	   	   	  
Range	  	   10-­‐18	   10-­‐14	   16-­‐18	  
Mean	  (SD)	   14.62	  (2.19)	   12.66	  (1.12)	   16.58	  (.72)	  
Maternal	  age	   	   	   	  
Range	   21-­‐44	   21-­‐39	   24-­‐44	  
Mean(SD)	   30.82	  (5.13)	   29.48	  (4.75)	   32.16	  (5.22)	  
Paternal	  age	   	   	   	  
Range	   21-­‐53	   21-­‐45	   26-­‐53	  
Mean	  (SD)	   31.7	  (6.0)	   31.04	  (6.28)	   32.36	  (5.77)	  
Infant	  age	   	   	   	  
Range	   6.1	  -­‐9.3	   6.1	  -­‐9.3	   6.1	  -­‐9.2	  
Mean	  (SD)	   7.88	  (.89)	   7.82	  (.88)	   7.93	  (.93)	  
Birth	  order	   	   	   	  
First-­‐born	   23	   12	   15	  
Later-­‐born	  	   27	   13	   10	  
	  
Stage	  Two	  –12	  to	  15	  months	  
	  All	  but	  one	  family	  completed	  recordings	  again	  during	  the	  second	  stage.	  For	  that	  family,	  life	  
had	  become	  too	  busy	  and	  they	  were	  unable	  to	  complete	  the	  recording	  sessions;	  however,	  
they	  still	  completed	  the	  parent-­‐report	  child	  vocabulary	  measure	  we	  introduced	  at	  this	  stage	  
(see	  Chapter	  4).	  So	  the	  sample	  for	  the	  second	  stage	  of	  recording	  data	  included	  49	  infants	  
(26	  males,	  23	  females).	  This	  stage	  took	  place	  approximately	  six	  months	  after	  the	  first	  stage,	  
thus	  maternal	  education	  levels	  in	  the	  sample	  remained	  the	  same,	  ranging	  from	  10	  to	  18	  
years	  (M	  =	  14.6,	  SD	  =2.19),	  as	  did	  maternal	  age	  (M	  =	  30.82,	  SD	  =5.13).	  Infant	  age	  ranged	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from	  12.6	  to	  15.9	  months	  (M	  =	  14.4,	  SD	  =	  0.8).	  At	  this	  stage,	  mothers	  were	  typically	  still	  the	  
main	  caregivers,	  although	  care	  arrangements	  had	  changed	  substantially,	  as	  many	  of	  the	  
mothers	  had	  been	  on	  maternity	  leave	  at	  the	  time	  they	  participated	  in	  the	  first	  study	  and	  
had	  now	  returned	  to	  work.	  This	  time	  17	  infants	  were	  still	  in	  the	  full-­‐time	  care	  of	  their	  
parents,	  15	  were	  being	  cared	  for	  by	  other	  family	  members	  part-­‐time,	  14	  attended	  day	  care	  
part-­‐time,	  three	  were	  in	  the	  part-­‐time	  care	  of	  family	  members	  and	  also	  attended	  day	  care	  
part-­‐time,	  and	  one	  now	  attended	  day	  care	  full-­‐time.	  
3.3.2	  Measures	  
Language	  Environment	  Analysis	  System	  	  
The	  quantity	  of	  infants’	  language	  experience	  was	  assessed	  using	  the	  Language	  
Environment	  Analysis	  System	  (LENA	  Foundation,	  2009).	  LENA	  is	  an	  automated	  speech	  
processing	  system	  designed	  to	  estimate	  adult	  and	  key	  child	  interactions	  in	  the	  natural	  home	  
environment.	  	  The	  system	  is	  simple	  for	  parents	  to	  use,	  and	  allows	  analysis	  of	  natural,	  
unrestricted	  speech	  that	  is	  representative	  of	  each	  child’s	  typical	  daily	  language	  
environment,	  without	  the	  need	  for	  extensive	  hours	  of	  transcription	  and	  coding.	  The	  LENA	  
system	  includes	  a	  digital	  language	  processor	  (DLP)	  and	  speech-­‐identification	  software.	  The	  
DLP	  is	  a	  small	  recording	  device	  (8.5cm	  x	  5.5cm	  x	  1cm;	  58	  grams),	  worn	  unobtrusively	  in	  a	  
vest	  on	  the	  child.	  It	  can	  record	  up	  to	  16	  hours	  of	  continuous	  speech	  data	  in	  the	  home,	  while	  
the	  child	  and	  their	  family	  go	  about	  their	  usual	  daily	  activities.	  Speech	  data	  are	  then	  
transferred	  onto	  a	  computer,	  where	  software	  automatically	  filters,	  segments,	  identifies	  and	  
categorises	  sounds	  by	  likely	  source	  (including	  different	  speakers),	  based	  on	  prosodic	  
information	  such	  as	  pitch	  and	  amplitude.	  LENA	  software	  estimates	  the	  duration	  (and	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percentage)	  of	  time	  the	  child	  is	  exposed	  to	  spoken	  language	  and	  other	  audio	  components	  in	  
the	  child’s	  environment	  (e.g.	  TV,	  silence)	  during	  the	  recording.	  	  
Provided	  recordings	  exceed	  10	  hours	  in	  one	  calendar	  day,	  LENA	  software	  generates	  
12-­‐hour	  projections	  of	  adult	  words,	  child	  vocalisations,	  and	  conversational	  turns.	  The	  
accuracy	  and	  reliability	  of	  LENA	  estimates	  have	  been	  established	  in	  previous	  studies	  (e.g.	  
Ford,	  Baer,	  Xu,	  Yapanel,	  &	  Gray,	  2009;	  Xu,	  Yapanel,	  &	  Gray,	  2009).	  Adult	  word	  count	  is	  an	  
estimate	  of	  the	  number	  of	  adult	  words	  classified	  by	  LENA	  software	  as	  being	  spoken	  near	  
and	  clear	  to	  the	  child	  (Xu	  et	  al.,	  2009);	  it	  excludes	  vegetative	  sounds	  like	  coughing	  etc.	  (Ford	  
et	  al.,	  2009).	  LENA-­‐based	  adult	  word	  counts	  are	  reported	  by	  the	  system’s	  developers	  to	  
correlate	  highly	  (r	  =	  .91,	  p	  <.01)	  with	  human-­‐transcribed	  adult	  word	  count	  (Xu	  et	  al.,	  2009),	  
however	  the	  accuracy	  of	  estimates	  is	  a	  function	  of	  recording	  time.	  That	  is,	  recordings	  of	  less	  
than	  one	  hour	  yield	  an	  error	  rate	  of	  approximately	  40%,	  but	  as	  recording	  duration	  increases	  
the	  error	  rate	  decreases	  and	  plateaus	  at	  around	  5%	  after	  six	  or	  seven	  hours.	  	  Segments	  of	  
overlapping	  speech	  are	  not	  classified	  as	  either	  adult	  or	  child	  speech,	  and	  are	  excluded	  from	  
the	  estimates,	  thus	  adult	  word	  count	  tends	  to	  be	  a	  slight	  underestimate	  of	  actual	  adult	  
words	  (Xu	  et	  al.,	  2009).	  Child	  vocalisation	  count	  estimates	  the	  number	  of	  speech-­‐related	  
sounds	  made	  by	  the	  child.	  It	  includes	  words,	  babbles,	  and	  pre-­‐speech	  sounds	  like	  squeals,	  
raspberries,	  or	  growls,	  and	  excludes	  instinctive	  emotional	  responses	  like	  laughing	  or	  crying	  
and	  vegetative	  sounds	  like	  sneezing	  or	  coughing	  (Ford	  et	  al.,	  2009;	  Gilkerson,	  Coulter,	  &	  
Richards,	  2008).	  Conversational	  turn	  count	  estimates	  the	  number	  of	  back-­‐and-­‐forth	  verbal	  
interactions	  between	  the	  child	  and	  an	  adult;	  an	  adult	  speech	  segment	  paired	  with,	  and	  
occurring	  within	  five	  seconds	  of,	  a	  child	  speech	  segment,	  receives	  one	  conversational	  turn	  
count.	  Separation	  between	  conversations	  is	  marked	  by	  pauses	  of	  five	  seconds	  or	  longer	  
(Ford	  et	  al.,	  2009).	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3.3.3	  General	  Procedure	  
For	  each	  stage	  of	  data	  collection	  families	  were	  visited	  in	  their	  homes,	  where	  the	  
research	  sessions	  took	  place.	  At	  the	  first	  visit	  written	  informed	  consent	  was	  obtained	  (see	  
Appendices	  A	  and	  B)	  and	  parents	  were	  provided	  with	  a	  recording	  kit	  and	  instructions	  for	  the	  
recording	  procedure	  and	  use	  of	  the	  equipment	  (see	  Appendix	  C).	  Since	  we	  were	  interested	  
in	  infants’	  linguistic	  experience	  in	  their	  home	  environment,	  if	  infants	  attended	  day	  care,	  we	  
asked	  parents	  to	  make	  the	  recordings	  on	  days	  their	  child	  was	  not	  at	  day	  care.	  (Hence,	  our	  
requirement	  that	  at	  least	  one	  parent	  to	  be	  home	  with	  their	  child	  for	  a	  few	  days	  across	  a	  
period	  of	  approximately	  one	  week).	  Parents	  were	  asked	  to	  fill	  in	  an	  information	  sheet	  to	  
provide	  general	  background	  details	  such	  as	  child	  age,	  parental	  education,	  parental	  
occupation,	  parental	  age,	  family	  structure,	  and	  language	  background	  (see	  Appendix	  D).	  
Alongside	  the	  daily	  recording	  of	  interactional	  data,	  we	  were	  also	  assessing	  a	  number	  of	  
additional	  maternal	  factors	  for	  their	  potential	  role	  in	  the	  association	  between	  maternal	  
education,	  language	  input	  and	  child	  vocabulary	  (see	  Chapter	  5).	  Mothers	  were	  asked	  to	  
complete	  a	  number	  of	  questionnaires	  at	  their	  convenience	  during	  the	  research	  session.	  The	  
questionnaires	  included	  the	  Edinburgh	  Post-­‐natal	  Depression	  Scale	  (EPDS;	  Cox,	  Holden,	  &	  
Sagovsky,	  1987;	  see	  Appendix	  E);	  the	  Parenting	  Sense	  of	  Competence	  Scale	  (PSOC;	  Gibaud-­‐
Wallston	  &	  Wandersman,	  1978;	  as	  cited	  in	  Johnston	  &	  Mash,	  1989;	  see	  Appendix	  F);	  a	  brief	  
version	  of	  the	  Knowledge	  of	  Infant	  Development	  Inventory	  (KIDI;	  Huang	  et	  al.,	  2005;	  
MacPhee,	  1981a;	  see	  Appendix	  G);	  	  the	  Parenting	  Morale	  Index	  (PMI;	  Trute	  &	  Hiebert-­‐
Murphy,	  2005;	  see	  Appendix	  H);	  and	  a	  brief	  version	  of	  the	  Social	  Support	  Questionnaire	  
(SSQ6;	  Sarason,	  Sarason,	  Shearin,	  &	  Pierce,	  1987;	  see	  Appendix	  I)[Note:	  Mention	  of	  these	  
questionnaires	  at	  this	  point	  is	  for	  informative	  purposes	  only;	  they	  will	  be	  discussed	  in	  detail	  
in	  Chapter	  5].	  Families	  typically	  took	  one	  or	  two	  weeks	  to	  complete	  the	  session.	  Then	  the	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researcher	  visited	  the	  family	  to	  collect	  the	  kits.	  For	  each	  research	  session,	  parents	  were	  
given	  $30	  for	  their	  participation,	  and	  the	  infants	  received	  a	  small	  gift	  and	  a	  certificate	  
(Appendix	  J).	  
Recording	  procedure	  
Parents	  were	  asked	  to	  make	  the	  recordings	  on	  two	  ‘home’	  days	  (i.e.	  days	  when	  the	  
parent	  and	  child	  were	  home	  and	  the	  child	  was	  not	  attending	  day	  care)	  that	  they	  considered	  
typical	  days	  in	  their	  infant’s	  life.	  Generally,	  this	  included	  whatever	  activities	  the	  family	  
normally	  engaged	  in.	  However,	  parents	  were	  advised	  not	  to	  complete	  the	  recordings	  on	  a	  
day	  that	  would	  include	  a	  substantial	  amount	  of	  time	  spent	  in	  a	  particularly	  noisy	  
environment	  (e.g.	  a	  large	  shopping	  complex	  or	  sporting	  event),	  as	  the	  accuracy	  of	  LENA	  
counts	  is	  substantially	  reduced	  in	  such	  conditions	  (Xu	  et	  al.,	  2009).	  Parents	  were	  informed	  
that	  should	  they	  be	  uncomfortable	  with	  any	  aspect	  of	  the	  recording	  session	  (e.g.	  if	  
conversations	  of	  a	  private/sensitive	  nature	  were	  picked	  up	  on	  the	  recording)	  at	  their	  
request	  and	  at	  no	  penalty	  to	  them	  the	  recording	  would	  be	  erased	  and	  not	  included	  in	  the	  
data.	  This	  occurred	  on	  only	  one	  occasion.	  Furthermore,	  parents	  were	  shown	  how	  to	  pause	  
the	  recorder	  in	  case	  they	  deemed	  it	  necessary	  to	  do	  so	  for	  a	  brief	  period	  for	  privacy	  reasons.	  
However,	  on	  a	  couple	  of	  occasions	  early	  in	  the	  study	  when	  parents	  paused	  the	  recording,	  
they	  forgot	  to	  resume	  recording.	  Thereafter,	  pausing	  of	  the	  recorder	  was	  generally	  
discouraged.	  There	  were	  also	  two	  occasions	  when	  parents	  began	  recording	  in	  the	  morning	  
on	  what	  they	  expected	  to	  be	  a	  typical	  day,	  but	  their	  infant	  became	  ill	  during	  the	  day.	  In	  
those	  cases,	  the	  recording	  for	  that	  day	  was	  not	  included	  in	  the	  data	  as	  they	  were	  not	  
representative	  days,	  and	  a	  replacement	  recorder	  was	  provided	  so	  they	  could	  record	  again	  
on	  a	  more	  usual	  day.	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Parents	  were	  instructed	  to	  begin	  recording	  when	  their	  infant	  woke	  up	  in	  the	  
morning	  and	  to	  continue	  recording	  until	  the	  infant	  went	  to	  sleep	  at	  night.	  They	  were	  asked	  
to	  continue	  recording	  when	  their	  infant	  was	  napping	  or	  bathing,	  but	  to	  remove	  the	  vest	  
containing	  the	  recorder	  and	  place	  it	  close	  by,	  safely	  out	  of	  the	  infant’s	  reach,	  so	  the	  
recording	  could	  still	  capture	  sounds	  in	  the	  infant’s	  immediate	  audio	  environment.	  During	  
the	  first	  stage	  families	  recorded	  for	  an	  average	  of	  12hr	  22	  min	  each	  day	  (range	  =	  9hrs	  56	  min	  
–	  16	  hrs).	  46	  families	  completed	  recordings	  of	  10	  hours	  or	  more	  on	  two	  days;	  two	  families	  
recorded	  only	  one	  day,	  and	  two	  families	  recorded	  less	  than	  10	  hours	  on	  one	  of	  the	  days.	  
During	  the	  second	  stage	  families	  recorded	  for	  an	  average	  of	  12hrs	  52	  min	  each	  day	  (range	  =	  
9hrs	  12	  min	  –	  16	  hrs).	  Of	  the	  49	  families	  who	  completed	  recordings,	  44	  completed	  
recordings	  of	  10	  hours	  or	  more	  on	  two	  days;	  two	  families	  recorded	  less	  than	  10	  hours	  on	  
one	  of	  the	  two	  days;	  and	  three	  families	  recorded	  on	  only	  one	  day.	  
3.4	  Approach	  to	  data	  analysis	  
To	  address	  our	  four	  research	  questions,	  at	  each	  infant	  age	  we	  extracted	  three	  12-­‐
hour	  projections	  from	  LENA:	  adult	  word	  count,	  conversational	  turn	  count	  and	  child	  
vocalisation	  count.	  Mothers	  were	  divided	  into	  two	  education	  groups	  based	  on	  educational	  
attainment	  (high	  =	  bachelor	  degree	  or	  higher,	  low	  =	  less	  than	  university	  degree).	  To	  capture	  
variation	  within	  the	  groups,	  we	  also	  measured	  education	  by	  calculating	  the	  number	  of	  years	  
(including	  partial	  years)	  of	  formal	  education	  completed.	  As	  illustrated	  already	  in	  Figure	  1	  
(Section	  3.3.1),	  this	  incorporated	  combinations	  of	  time	  spent	  in	  different	  educational	  
settings	  (e.g.	  Year	  9	  =	  10	  years,	  Year	  10	  plus	  a	  six	  month	  trade	  certificate	  =	  11.5	  years,	  Year	  
12	  plus	  3	  year	  bachelor	  degree	  =	  16	  years	  etc.).	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Where	  possible,	  we	  wanted	  to	  capture	  natural	  variation	  in	  daily	  life.	  First,	  we	  carried	  
out	  t-­‐tests	  to	  check	  that	  there	  were	  no	  significant	  differences	  between	  Day	  1	  and	  Day	  2	  for	  
our	  three	  LENA	  measures	  at	  either	  age	  (p	  >	  .05	  for	  all).	  Then,	  for	  families	  who	  had	  
completed	  recordings	  of	  10	  hours	  or	  more	  on	  two	  days	  (n	  =	  46	  at	  6-­‐9	  months;	  n	  =	  44	  at	  12-­‐
15	  months)	  daily	  averages	  were	  calculated	  from	  the	  LENA	  12-­‐hour	  projections	  for	  both	  days.	  
For	  those	  families	  who	  only	  recorded	  on	  one	  day	  (n	  =	  2	  at	  6-­‐9	  months;	  n	  =	  3	  at	  12-­‐15	  
months),	  or	  for	  whom	  recording	  only	  exceeded	  10	  hours	  on	  one	  day	  (n	  =	  2	  at	  both	  ages),	  we	  
used	  the	  LENA	  12-­‐hour	  projections	  for	  one	  day.	  	  
At	  each	  infant	  age,	  we	  approached	  analysis	  of	  the	  speech	  data	  from	  two	  
perspectives.	  Firstly,	  with	  alpha	  set	  at	  .05,	  independent	  samples	  t-­‐tests	  were	  conducted	  by	  
maternal	  education	  group	  (high,	  low)	  for	  each	  of	  the	  three	  dependent	  variables	  (adult	  word	  
count,	  conversational	  turn	  count,	  and	  child	  vocalisation	  count).	  Secondly,	  we	  also	  wanted	  to	  
assess	  years	  of	  maternal	  education	  as	  a	  linear	  predictor	  of	  early	  language	  experience,	  so	  we	  
carried	  out	  correlation	  analyses	  with	  years	  of	  maternal	  education	  as	  the	  predictor	  in	  each	  
case	  and	  our	  three	  LENA	  measures	  (adult	  word	  count,	  conversational	  turn	  count,	  and	  child	  
vocalisation	  count)	  as	  outcomes.	  Results	  are	  reported	  separately	  for	  each	  infant	  age,	  in	  turn.	  
Section	  3.5	  presents	  6-­‐9	  month	  data;	  12-­‐15	  month	  data	  are	  presented	  in	  section	  3.6.	  	  
3.5	  LENA	  measures	  at	  6-­‐‑9	  months	  
Prior	  to	  analysis,	  data	  were	  screened	  for	  assumptions	  of	  normality	  and	  outliers.	  	  
Identification	  of	  outliers	  was	  carried	  out	  using	  SPSS	  IBM	  SPSS	  Statistics	  22.0;	  all	  other	  
statistical	  analyses	  in	  this	  thesis	  were	  carried	  out	  using	  R	  software,	  version	  3.3.1	  (R	  Core	  
Team,	  2016).	  Using	  z-­‐scores	  ≥	  |3.29|	  as	  the	  criterion	  (Tabachnick	  &	  Fidell,	  2012),	  no	  outliers	  
were	  identified.	  Normality	  tests	  for	  our	  ungrouped	  data	  showed	  some	  significant	  departure	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from	  normality	  for	  adult	  word	  count	  and	  conversational	  turn	  count	  (p	  <	  .05);	  however,	  
skewness	  and	  kurtosis	  for	  each	  variable	  were	  non-­‐significant,	  and	  normality	  assumptions	  
were	  met	  for	  the	  grouped	  data.	  The	  assumption	  of	  homogeneity	  of	  variance	  was	  violated	  
for	  the	  two	  dependent	  variables	  conversational	  turn	  count	  and	  child	  vocalisation	  count;	  
therefore,	  an	  adjusted	  value	  for	  the	  degrees	  of	  freedom	  is	  reported	  for	  those	  two	  variables.	  
Descriptive	  statistics	  are	  shown	  in	  Table	  3.	  
	  




	  (N	  =	  50)	  
Lower	  education	  
group	  (n	  =	  25)	  
Higher	  education	  




Adult	  Words	   	   	   	   	   	  
Min-­‐Max	  	   3,951	  –	  29,242	   3,951	  –	  25,489	   5,295	  –	  29,242	   	   	  
Mean(SD)	   14,574	  (6,386)	   12,386	  (5,146)	   16,761	  (6,842)	   2.55	   .014	  
Conversational	  
Turns	  	  
	   	   	   	   	  
Min-­‐Max	   88	  -­‐	  624	   118	  -­‐	  506	   88	  -­‐	  624	   	   	  
Mean(SD)	   311	  (143)	   256	  (102)	   366	  (158)	   2.94	   .005	  
Child	  Vocalisation	  	   	   	   	   	   	  
Min-­‐Max	   381	  –	  2,386	   432	  -­‐	  1703	   381	  –	  2,386	   	   	  
Mean(SD)	   1,182	  (454)	   1,113	  (345)	   1,250	  (540)	   1.06	   .29	  
	  
3.5.1	  Adult	  Word	  Count	  at	  6-­‐‑9	  months	  
For	  adult	  word	  count,	  t-­‐test	  results	  indicated	  a	  statistically	  significant	  difference	  
between	  maternal	  education	  groups	  t(48)	  =	  2.55,	  p	  =	  .014.	  As	  shown	  in	  Figure	  5,	  there	  was	  
wide	  variation	  in	  the	  amount	  of	  adult	  talk	  occurring	  within	  each	  group.	  Nevertheless,	  on	  
average,	  adults	  in	  the	  higher	  maternal	  education	  group	  spoke	  more	  words	  categorised	  by	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LENA	  as	  ‘near	  and	  clear’	  to	  their	  infants	  (M	  =	  16,761,	  SD	  =	  6,842)	  than	  did	  adults	  in	  the	  
lower	  maternal	  education	  group	  (M	  =	  12,386,	  SD	  =	  5,146).	  This	  equates	  to	  a	  difference	  in	  
means	  of	  4,375	  words	  per	  day,	  95%	  CI	  [933,	  7818].	  Linear	  modelling	  showed	  that	  the	  
number	  of	  years	  mothers	  spent	  in	  formal	  education	  settings	  predicted	  20	  percent	  of	  the	  
variance	  in	  the	  number	  of	  adult	  words	  spoken,	  R2	  =	  .196,	  F	  (1,	  48)	  =	  11.71,	  p	  =	  .001	  (see	  
Figure	  6	  for	  scatterplot).	  	  
Important	  note	  about	  plots:	  at	  many	  points	  throughout	  this	  thesis,	  violin	  plots,	  (e.g.	  
Figure	  5)	  are	  used	  to	  present	  data.	  Violin	  plots	  are	  similar	  to	  box	  plots,	  except	  that	  they	  also	  
show	  the	  shape	  and	  density	  of	  the	  data	  distribution	  (the	  shaded	  areas	  in	  grey).	  The	  width	  of	  
the	  shaded	  area	  represents	  the	  frequency	  of	  observations	  at	  different	  levels	  of	  the	  data,	  
while	  the	  central	  vertical	  line	  represents	  the	  95%	  confidence	  interval.	  The	  overlayed	  box	  
(white)	  represents	  the	  interquartile	  range,	  and	  the	  horizontal	  line	  within	  the	  box	  represents	  
the	  median.	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Figure	  6	  The	  scatterplot	  shows	  the	  spread	  of	  Adult	  Word	  Count	  at	  6-­‐9	  months	  as	  a	  function	  of	  years	  of	  
maternal	  education.	  Our	  two	  groups	  are	  indicated	  by	  closed	  circles	  (low)	  and	  open	  triangles	  (high).	  
	  
	  
3.5.2	  Conversational	  Turns	  at	  6-­‐‑9	  months	  
For	  conversational	  turns,	  t-­‐test	  results	  indicated	  a	  statistically	  significant	  difference	  between	  
maternal	  education	  groups	  t(41.07)	  =	  2.94,	  p	  =	  .005.	  As	  Figure	  7	  shows,	  overall,	  there	  was	  
more	  conversational	  interaction	  between	  adults	  and	  infants	  in	  the	  higher	  maternal	  
education	  group	  (M=	  366,	  SD	  =	  158)	  than	  in	  the	  lower	  maternal	  education	  group	  (M	  =	  256,	  
SD	  =	  102);	  a	  difference	  in	  means	  of	  110	  conversational	  turns,	  95%	  CI	  [35,186].	  A	  significant	  
correlation	  was	  also	  found	  for	  conversational	  turns.	  Here,	  20	  percent	  of	  the	  variation	  in	  how	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much	  caregivers	  engage	  in	  conversation	  with	  their	  infants	  could	  be	  predicted	  by	  years	  of	  









Figure	  8	  The	  scatterplot	  shows	  the	  spread	  of	  Conversational	  Turn	  Count	  at	  6-­‐9	  months	  as	  a	  function	  of	  years	  of	  
maternal	  education.	  Our	  two	  groups	  are	  indicated	  by	  closed	  circles	  (low)	  and	  open	  triangles	  (high).	  
	  
	  
3.5.3	  Child	  Vocalisation	  at	  6-­‐‑9	  months	  
For	  child	  vocalisation,	  	  on	  average,	  infants	  in	  the	  higher	  maternal	  education	  group	  (M	  =	  
1250,	  SD	  =	  540)	  tended	  to	  vocalise	  more	  than	  infants	  in	  the	  lower	  maternal	  education	  group	  
(M	  =	  1113,	  SD	  =	  345).	  However	  the	  mean	  daily	  difference	  of	  137	  vocalisations	  was	  not	  
significant,	  t(40.76)	  =	  1.06,	  p	  =	  .29,	  95%	  CI	  [-­‐395,123].	  As	  illustrated	  in	  Figure	  9,	  wider	  
variation	  in	  the	  amount	  infants	  were	  vocalising	  was	  evident	  in	  the	  higher	  maternal	  
education	  group	  than	  in	  the	  lower	  maternal	  education	  group.	  In	  line	  with	  our	  t	  test	  results,	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years	  of	  maternal	  education	  was	  not	  a	  good	  predictor	  of	  how	  much	  infants	  were	  vocalising,	  




Figure	  9	  Violin	  plots	  show	  child	  vocalisation	  counts	  at	  6-­‐9	  months	  for	  two	  maternal	  education	  groups.	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Figure	  10	  The	  scatterplot	  shows	  the	  spread	  of	  Child	  Vocalisation	  Count	  at	  6-­‐9	  months	  as	  a	  function	  of	  years	  of	  
maternal	  education.	  Our	  two	  groups	  are	  indicated	  by	  closed	  circles	  (low)	  and	  open	  triangles	  (high).	  	  
	  
	  
3.5.4	  Correlation	  between	  LENA	  counts	  at	  6-­‐‑9	  months	  
A	  strong	  positive	  correlation	  between	  adult	  word	  count	  and	  conversational	  turns	  
was	  significant,	  r(48)	  =	  .72,	  p	  <	  .001	  (see	  Figure	  11),	  as	  was	  a	  strong	  positive	  correlation	  
between	  child	  vocalisation	  and	  conversational	  turns,	  r(48)	  =	  .69,	  p	  <	  .001	  (see	  Figure	  12).	  
Those	  correlations	  are	  unsurprising,	  given	  that	  conversational	  turns	  are	  a	  measure	  of	  adult-­‐
and-­‐child	  verbal	  interactions,	  thus	  both	  adult	  words	  and	  child	  vocalisations	  contribute	  to	  the	  
conversational	  turn	  count.	  There	  was	  a	  weak,	  non-­‐significant	  correlation	  between	  adult	  





Figure	  11	  The	  scatterplot	  shows	  the	  significant	  correlation	  between	  Adult	  Word	  Count	  and	  Conversational	  





3.5.5	  Supplementary	  analyses:	  Sex	  differences	  
Based	  on	  reports	  of	  higher	  LENA	  counts	  for	  girls	  (Gilkerson	  &	  Richards,	  2009),	  we	  
checked	  for	  potential	  effects	  of	  infants’	  sex	  in	  the	  sample.	  The	  difference	  in	  sample	  means	  
for	  male	  (n	  =	  26)	  and	  female	  (n	  =	  24)	  infants	  was	  not	  significant	  for	  adult	  word	  count,	  
t(47.95)	  =	  .02,	  p	  =	  .98,	  (95%	  CI:	  -­‐3700	  -­‐	  3610),	  or	  conversational	  turn	  count,	  t(46.58)	  =	  .32,	  p	  
=	  .75,	  (95%	  CI:	  -­‐94	  -­‐	  68),	  or	  child	  vocalisation	  count,	  t(47.98)	  =	  .06,	  p	  =	  .95,	  (95%	  CI:	  -­‐252	  -­‐	  
268).	  	  
Figure	  12	  The	  scatterplot	  shows	  the	  significant	  correlation	  between	  Child	  Vocalisation	  Count	  and	  




3.5.6	  Key	  points	  
•   At	  infant	  age	  6-­‐9	  months,	  higher	  levels	  of	  maternal	  education	  were	  associated	  with	  
significantly	  higher	  daily	  adult	  word	  counts	  and	  conversational	  turn	  counts,	  but	  not	  
child	  vocalisation	  counts.	  
•   On	  average,	  infants	  of	  university	  educated	  mothers	  overheard	  approximately	  4,000	  
more	  words	  per	  day,	  and	  were	  involved	  in	  over	  100	  more	  back-­‐and-­‐forth	  verbal	  
interactions	  with	  caregivers	  per	  day,	  compared	  to	  infants	  of	  mothers	  with	  lower	  
levels	  of	  education.	  	  
•   In	  linear	  models,	  years	  of	  education	  accounted	  for	  around	  20%	  of	  the	  variance	  in	  
adult	  word	  counts	  and	  conversational	  turn	  counts.	  	  
3.6	  Results	  at	  12	  to	  15	  months	  
Analysis	  at	  this	  age	  followed	  the	  same	  procedure	  as	  it	  did	  at	  the	  younger	  age.	  Once	  
again,	  we	  wanted	  to	  capture	  natural	  variation	  in	  daily	  life,	  so	  we	  checked	  that	  there	  were	  no	  
significant	  differences	  between	  Day	  1	  and	  Day	  2	  at	  this	  stage	  for	  adult	  word	  count	  (p	  =	  .16),	  
conversational	  turn	  count	  (p	  =	  .20),	  or	  child	  vocalisation	  count	  (p	  =	  .40).	  Then,	  for	  the	  44	  
families	  who	  completed	  recordings	  ≥	  10	  hours	  on	  two	  days	  daily	  averages	  were	  calculated	  
from	  the	  LENA	  12-­‐hour	  projections	  for	  both	  days.	  For	  those	  families	  who	  only	  recorded	  on	  
one	  day	  (n	  =	  3),	  or	  for	  whom	  recording	  only	  exceeded	  10	  hours	  on	  one	  day	  (n	  =	  2),	  we	  used	  
the	  LENA	  12-­‐hour	  projections	  for	  that	  one	  day.	  	  	  
As	  we	  did	  with	  the	  6-­‐9	  month	  data,	  at	  this	  age	  we	  assessed	  differences	  between	  the	  two	  
maternal	  education	  groups	  for	  our	  three	  LENA	  measures	  as	  well	  as	  assessing	  years	  of	  
maternal	  education	  as	  a	  linear	  predictor	  of	  each	  measure.	  	  With	  alpha	  set	  at	  .05,	  
independent	  samples	  t-­‐tests	  were	  conducted	  by	  maternal	  education	  group	  (high,	  low)	  for	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each	  of	  the	  three	  dependent	  variables	  (adult	  word	  count,	  conversational	  turn	  count,	  and	  
child	  vocalisation	  count).	  Prior	  to	  analysis,	  data	  were	  screened	  for	  assumptions	  of	  normality	  
and	  for	  outliers.	  Descriptive	  statistics	  are	  shown	  in	  Table	  4.	  Using	  z-­‐scores	  ≥	  |3.29|	  as	  the	  
criterion	  (Tabachnick	  &	  Fidell,	  2012),	  no	  outliers	  were	  identified.	  Inspection	  of	  our	  grouped	  
and	  ungrouped	  data	  showed	  that	  assumptions	  of	  normality	  were	  met	  for	  each	  of	  the	  three	  
dependent	  variables.	  The	  assumption	  of	  homogeneity	  of	  variance	  was	  met	  for	  child	  
vocalisation	  count,	  but	  not	  for	  adult	  word	  count	  and	  conversational	  turn	  count;	  however,	  
since	  group	  sizes	  were	  unequal,	  Welch’s	  t-­‐tests	  were	  carried	  out	  for	  each	  comparison.	  
Therefore,	  an	  adjusted	  value	  for	  the	  degrees	  of	  freedom	  is	  reported	  for	  all	  three	  variables
	  




	  (N	  =	  49)	  
Lower	  
education	  group	  
(n	  =	  24)	  
Higher	  education	  
group	  (n	  =	  25)	  
t	   p	  
Adult	  Word	  Count	  	   	   	   	   	   	  
Min-­‐Max	   4,896	  –	  25,266	   4,896	  –	  17,943	   6,	  688–	  25,266	   	   	  
Mean	  (SD)	   13,112	  (4,787)	   11,540	  (3,525)	   14,	  620	  (5,394)	   2.38	   .023	  
Conversational	  
Turns	  	  
	   	   	   	   	  
Min-­‐Max	   77	  -­‐	  945	   124	  -­‐	  535	   77	  -­‐	  945	   	   	  
Mean	  (SD)	   368	  (181)	   304	  (124)	   429	  (206)	   2.6	   .013	  
Child	  Vocalisation	  	   	   	   	   	   	  
Min-­‐Max	  	   284	  –	  3,056	   390	  –	  2,941	   284	  –	  3,056	   	   	  





3.6.1	  Adult	  Word	  Count	  at	  12-­‐‑15	  months	  
For	  adult	  word	  count,	  t-­‐test	  results	  indicated	  a	  statistically	  significant	  difference	  
between	  maternal	  education	  groups	  t(41.53)	  =	  2.38,	  p	  =	  .023.	  As	  shown	  in	  Figure	  13,	  there	  
was	  again	  wide	  variation	  in	  the	  amount	  of	  adult	  talk	  occurring	  within	  each	  group.	  
Nevertheless,	  on	  average,	  adults	  in	  the	  higher	  maternal	  education	  group	  spoke	  more	  words	  
categorised	  by	  LENA	  as	  ‘near	  and	  clear’	  to	  their	  infants	  (M	  =	  14,	  620,	  SD	  =	  5,394)	  than	  did	  
adults	  in	  the	  lower	  maternal	  education	  group	  (M	  =	  11,540,	  SD	  =	  3,525).	  This	  equates	  to	  a	  
difference	  in	  means	  of	  3,080	  words,	  95%	  CI	  [462,	  5698].	  At	  this	  age,	  the	  number	  of	  years	  
mothers	  spent	  in	  formal	  education	  settings	  accounted	  for	  17	  percent	  of	  the	  variance	  in	  the	  
number	  of	  adult	  words	  spoken	  around	  infants,	  R2	  =	  .172,	  F	  (1,	  47)	  =	  9.73,	  p	  =	  .003	  (see	  Figure	  












3.6.2	  Conversational	  Turns	  at	  12-­‐‑15	  months	  
For	  conversational	  turns,	  t-­‐test	  results	  indicated	  a	  statistically	  significant	  difference	  between	  
maternal	  education	  groups	  t(39.69)	  =	  2.6,	  p	  =	  .013.	  As	  Figure	  15	  shows,	  overall,	  there	  were	  
more	  verbal	  interactions	  between	  adults	  and	  infants	  in	  the	  higher	  maternal	  education	  group	  
(M	  =	  429,	  SD	  =	  206)	  than	  in	  the	  lower	  maternal	  education	  group	  (M	  =	  304,	  SD	  =	  124);	  a	  
difference	  in	  means	  of	  126	  conversational	  turns,	  95%	  CI	  [28,	  224).	  A	  significant	  correlation	  
was	  also	  found	  for	  conversational	  turns.	  Here,	  14	  percent	  of	  the	  variation	  in	  how	  much	  
conversational	  interaction	  infants	  were	  experiencing	  could	  be	  predicted	  by	  years	  of	  
maternal	  education,	  R2	  =	  .144,	  F	  (1,	  47)	  =	  7.89,	  p	  =	  .007	  (see	  Figure	  16	  for	  scatterplot)	  
Figure	  14	  The	  scatterplot	  shows	  the	  spread	  of	  Adult	  Word	  Count	  at	  12-­‐15	  months	  as	  a	  function	  of	  years	  of	  












3.6.3	  Child	  Vocalisation	  at	  12-­‐‑15	  months	  
For	  child	  vocalisation,	  it	  looked	  like	  infants	  in	  the	  higher	  maternal	  education	  group	  (M	  =	  
1,461,	  SD	  =	  701)	  were	  vocalising	  more	  than	  infants	  in	  the	  lower	  maternal	  education	  group	  
(M	  =	  1,206,	  SD	  =	  566).	  However	  the	  daily	  mean	  difference	  of	  255	  vocalisations	  was	  not	  
significant,	  t(45.68)	  =	  1.4,	  p	  =	  .17,	  95%	  CI	  [-­‐620,	  111].	  As	  illustrated	  in	  Figure	  17,	  wider	  
variation	  in	  the	  amount	  infants	  were	  vocalising	  was	  evident	  in	  the	  higher	  maternal	  
education	  group	  than	  in	  the	  lower	  maternal	  education	  group.	  In	  line	  with	  t-­‐test	  results,	  
years	  of	  maternal	  education	  was	  not	  a	  good	  predictor	  of	  how	  much	  infants	  were	  vocalising,	  
Figure	  16	  The	  scatterplot	  shows	  the	  spread	  of	  Conversational	  Turn	  Count	  at	  12-­‐15	  months	  as	  a	  function	  of	  
years	  of	  maternal	  education.	  Our	  two	  groups	  are	  indicated	  by	  closed	  circles	  (low)	  and	  open	  triangles	  (high).	  
81	  
	  












3.6.4	  Correlation	  between	  LENA	  counts	  at	  12-­‐‑15	  months	   	  
A	  Pearson’s	  correlation	  analysis	  was	  conducted	  between	  our	  three	  LENA	  measures	  at	  this	  
age.	  It	  showed	  a	  strong	  positive	  correlation	  between	  adult	  word	  count	  and	  conversational	  
turns	  was	  significant	  r(47)	  =	  .58,	  p	  <	  .001	  (see	  Figure	  19)	  ,	  and	  child	  vocalisation	  was	  strongly	  
positively	  correlated	  with	  conversational	  turns	  r(47)	  =	  .78,	  p	  <	  .001	  (see	  Figure	  20).	  The	  
correlation	  between	  adult	  word	  count	  and	  child	  vocalisation	  was	  weak	  and	  non-­‐significant	  
r(47)	  =	  .13,	  p	  	  =.36.	  	  
Figure	  18	  The	  scatterplot	  shows	  the	  spread	  of	  Child	  Vocalisation	  Count	  at	  12-­‐15	  months	  as	  a	  function	  of	  years	  




	  Figure	  19	  The	  scatterplot	  shows	  the	  significant	  correlation	  between	  Adult	  Word	  Count	  and	  Conversational	  






3.6.5	  Supplementary	  analyses:	  Sex	  differences	  
As	  we	  did	  for	  6-­‐9	  month	  data,	  we	  again	  checked	  for	  potential	  effects	  of	  infant	  sex	  (see	  
Figures	  21,	  22,	  and	  23).	  We	  saw	  no	  significant	  difference	  in	  sample	  means	  for	  male	  infants	  
(n	  =	  26)	  and	  female	  infants	  (n	  =	  23)	  at	  this	  age	  for	  daily	  adult	  word	  count,	  t(47)	  =	  .44,	  p=.66,	  
95%	  CI	  [-­‐3361,	  2160).	  However,	  a	  significant	  mean	  difference	  was	  observed	  for	  
conversational	  turn	  count,	  t(43.31)	  =	  2.05,	  p	  =	  .046.	  Overall,	  there	  were	  more	  daily	  verbal	  
exchanges	  between	  adults	  and	  female	  infants	  (M	  =	  423)	  than	  there	  were	  between	  adults	  
Figure	  20	  The	  scatterplot	  shows	  the	  significant	  correlation	  between	  Child	  Vocalisation	  Count	  and	  




and	  male	  infants	  (M	  =	  319);	  a	  difference	  in	  means	  of	  104	  conversational	  turns,	  95%	  CI	  [1,	  
205).	  A	  significant	  mean	  difference	  for	  sex	  was	  also	  observed	  for	  child	  vocalisation	  count	  at	  
this	  age,	  t(41.46)	  =	  3.07,	  p	  =	  .004.	  Overall,	  female	  infants	  vocalised	  significantly	  more	  in	  a	  
day	  (M	  =	  1616)	  than	  did	  male	  infants	  (M	  =	  1087);	  a	  difference	  in	  means	  of	  529	  vocalisations,	  















We	  then	  carried	  out	  a	  correlation	  analysis	  to	  assess	  sex	  as	  a	  predictor	  of	  conversational	  turn	  
count	  and	  found	  that	  it	  accounted	  for	  8	  percent	  of	  the	  variance,	  R2	  =	  .08,	  R2adj	  =	  .06,	  F(1,	  47)	  
=	  4.27,	  p	  =	  .044.	  In	  our	  main	  correlation	  analyses	  (see	  section	  3.6.2),	  year	  of	  maternal	  
education	  had	  accounted	  for	  14	  percent	  of	  the	  variance	  in	  conversational	  turns	  in	  our	  
sample,	  R2	  =	  .143,	  R2adj	  =	  .125,	  F(1,	  47)	  =	  7.86,	  p	  =	  .007.	  To	  check	  the	  effect	  of	  sex	  on	  the	  
prediction	  model	  for	  conversational	  turns	  we	  conducted	  an	  additional	  analysis	  in	  which	  we	  
added	  sex	  as	  a	  predictor.	  This	  yielded	  a	  significant	  regression	  model,	  R2	  =	  .20,	  R2adj	  =	  .17,	  F(1,	  
Figure	  23	  Violin	  plots	  show	  child	  vocalisation	  counts	  at	  12-­‐15	  months	  for	  females	  (left)	  and	  males	  (right).	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46)	  =	  5.76,	  p	  =	  .006.	  Although	  adding	  sex	  as	  a	  predictor	  added	  to	  the	  overall	  predictive	  value	  
of	  the	  model,	  only	  years	  of	  education	  was	  a	  significant	  predictor	  of	  variance	  in	  
conversational	  turns,	  (B	  =	  28.43,	  t	  =	  2.59,	  p	  =	  .013).	  We	  also	  conducted	  a	  simple	  correlation	  
analysis	  to	  assess	  sex	  as	  a	  predictor	  of	  child	  vocalisation	  count	  and	  found	  that	  it	  accounted	  
for	  a	  statistically	  significant	  17	  percent	  of	  the	  variance,	  R2	  =	  .17,	  R2adj	  =	  .15,	  F(1,	  47)	  =	  9.69,	  p	  
=	  .003.	  	  
3.6.6	  Key	  points	  
•   At	  infant	  age	  12	  -­‐	  15	  months,	  higher	  levels	  of	  maternal	  education	  were	  associated	  
with	  significantly	  higher	  daily	  adult	  word	  counts	  and	  conversational	  turn	  counts,	  but	  
not	  child	  vocalisation	  counts.	  
•   On	  average,	  compared	  to	  infants	  of	  mothers	  with	  lower	  levels	  of	  education,	  infants	  
of	  university	  educated	  mothers	  overheard	  about	  3,000	  more	  words	  per	  day,	  and	  
were	  involved	  in	  around	  125	  more	  back-­‐and-­‐forth	  verbal	  interactions	  with	  caregivers	  
per	  day.	  
•   Years	  of	  education	  accounted	  for	  around	  17%	  of	  the	  variance	  in	  adult	  word	  counts	  
and	  around	  14%	  of	  the	  variance	  in	  conversational	  turn	  counts	  at	  12	  -­‐15	  months.	  	  
	  
3.7	  Patterns	  of	  family	  talk	  between	  6	  -­‐‑	  9	  months	  and	  12	  -­‐‑	  15	  months	  
To	  address	  our	  fourth	  research	  question	  we	  examined	  similarities	  and	  differences	  between	  
our	  LENA	  counts	  collected	  at	  the	  two	  infant	  ages.	  We	  compared	  group	  differences	  and	  also	  
the	  linear	  relationship	  between	  maternal	  education	  and	  each	  of	  our	  three	  measures	  at	  both	  
infant	  ages.	  Comparisons	  for	  each	  measure	  are	  reported	  in	  turn	  (ranges,	  means	  and	  
standard	  deviations	  are	  shown	  in	  Table	  5).	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3.7.1	  Adult	  Words	  
The	  average	  number	  of	  adult	  words	  spoken	  daily	  around	  infants	  at	  the	  two	  ages	  was	  
strongly	  correlated,	  r(47)	  =	  .65,	  p	  <	  .0001	  .	  On	  average,	  adult	  word	  count	  was	  1,462	  words	  
lower	  at	  12	  -­‐	  15	  months	  (M	  =	  13,112)	  than	  it	  had	  been	  when	  families	  were	  recorded	  six	  
months	  earlier	  (M	  =	  14,574).	  The	  bulk	  of	  that	  overall	  decrease	  in	  adult	  word	  count	  was	  
attributable	  to	  the	  higher	  education	  group,	  whose	  daily	  average	  (M	  =	  14,620)	  had	  decreased	  
by	  2,141	  words	  since	  6	  -­‐	  9	  months	  (M	  =	  16,761).	  By	  contrast,	  the	  lower	  education	  group	  
average	  (M=	  11,540)	  had	  only	  decreased	  by	  846	  words	  per	  day	  from	  6	  months	  earlier	  (M	  =	  
12,386).	  	  As	  such,	  the	  mean	  difference	  in	  word	  count	  between	  the	  two	  groups	  had	  
decreased	  from	  6	  -­‐	  9	  months	  (MD	  =	  4,375)	  to	  12	  -­‐	  15	  months	  (MD	  =	  3,080).	  Likewise,	  the	  
linear	  association	  between	  years	  of	  maternal	  education	  and	  adult	  word	  count	  remained	  
significant	  across	  time;	  though	  maternal	  education	  predicted	  17%	  of	  the	  variance	  in	  adult	  
word	  count	  at	  12	  -­‐	  15	  months	  (p	  =	  .004),	  compared	  to	  20%	  of	  the	  variance	  at	  6	  -­‐	  9	  months	  (p	  
=	  .001).	  
3.7.2	  Conversational	  Turns	  
The	  average	  daily	  number	  of	  conversational	  turns	  at	  the	  two	  infant	  ages	  was	  moderately	  
correlated,	  r(47)	  =	  .52,	  p	  <	  .001.	  However,	  as	  we	  might	  expect	  and	  in	  contrast	  to	  adult	  word	  
count,	  the	  mean	  number	  of	  conversational	  turns	  at	  12	  -­‐	  15	  months	  (M	  =	  368)	  had	  increased	  
since	  the	  earlier	  recordings	  were	  made	  (M	  =	  311),	  an	  increase	  of	  57	  turns	  per	  day.	  At	  this	  
age,	  the	  higher	  education	  group	  daily	  average	  (M	  =	  429)	  had	  increased	  by	  63	  turns	  since	  6	  -­‐	  
9	  months	  (M	  =	  366);	  whereas	  the	  lower	  education	  group	  daily	  average	  (M=	  304)	  was	  48	  
turns	  higher	  than	  it	  had	  been	  at	  6	  -­‐	  9	  months	  (M	  =	  256).	  The	  mean	  difference	  in	  
conversational	  turns	  was	  greater	  at	  12	  -­‐	  15	  months	  (MD	  =	  126,	  p	  =	  .013)	  than	  it	  had	  been	  at	  
6	  -­‐	  9	  months	  (MD	  =	  110,	  p	  =	  .013).	  The	  linear	  association	  between	  years	  of	  education	  and	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conversational	  turns	  retained	  statistical	  significance	  across	  the	  two	  ages,	  but	  maternal	  
education	  accounted	  for	  14%	  of	  the	  variance	  at	  12	  -­‐	  15	  months	  (p	  =	  .007),	  compared	  to	  20%	  
of	  the	  variance	  at	  6	  -­‐	  9	  months	  (p	  =	  .001).	  
3.7.3	  Child	  Vocalisation	  
The	  average	  number	  of	  daily	  child	  vocalisations	  at	  both	  ages	  was	  also	  moderately	  
correlated,	  r(47)	  =	  .53,	  p	  <	  .0001,	  and	  had	  increased	  by	  154	  vocalisation	  between	  6	  -­‐	  9	  
months	  (M	  =	  1,182)	  and	  12	  -­‐	  15	  months	  (M	  =	  1,336).	  	  The	  increase	  was	  mostly	  attributable	  
to	  infants	  in	  the	  higher	  education	  group,	  who	  were	  vocalising	  211	  times	  per	  day	  more	  at	  12	  
-­‐	  15	  months	  (M	  =	  1,461)	  than	  they	  had	  been	  at	  6	  -­‐	  9	  months	  (M	  =	  1,250);	  whereas	  infants	  in	  
the	  lower	  education	  group	  were	  vocalising	  only	  93	  times	  per	  day	  more	  at	  12	  -­‐	  15	  months	  (M	  
=	  1,206)	  than	  they	  had	  been	  at	  6	  -­‐	  9	  months	  (M	  =	  1,113).	  Although	  the	  average	  raw	  
difference	  in	  infant	  vocalisation	  between	  the	  two	  groups	  had	  increased	  between	  6	  -­‐	  9	  
months	  (MD	  =	  137)	  and	  12	  -­‐	  15	  months	  (MD	  =	  255),	  the	  group	  difference	  at	  12	  -­‐	  15	  months	  
was	  still	  not	  statistically	  significant	  (p	  =	  .17).	  Correspondingly,	  years	  of	  maternal	  education	  
was	  still	  not	  a	  good	  predictor	  of	  how	  much	  infants	  were	  vocalising	  at	  12-­‐15	  months,	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3.7.4	  Test	  of	  associations	  across	  infant	  ages	  
We	  also	  carried	  out	  mixed	  ANOVAs	  to	  formally	  test	  the	  associations	  between	  maternal	  
education	  and	  the	  three	  speech	  measures	  across	  infant	  ages.	  As	  shown	  in	  Table	  6,	  there	  was	  
a	  significant	  main	  effect	  of	  maternal	  education	  level	  for	  adult	  word	  count	  [F(1,	  95)	  =	  11.85,	  p	  
=	  .0009]	  and	  conversational	  turn	  count	  [F(1,	  95)	  =	  14.88,	  p	  =	  .0002].	  There	  was	  no	  main	  




Table	  6.	  Analysis	  of	  Variance	  of	  LENA	  Counts	  Across	  Two	  Ages	  in	  Relation	  to	  Maternal	  
Education	  Level	  
	   Summary	  
LENA	  count	   df	   SS	   MS	   F	   p	  
Adult	  Words	   	   	   	   	   	  
Education	  	   1	   342272981	   342272981	   11.85	   .0009	  
Age	   1	   55643017	   55643017	   1.93	   .17	  
Education*Age	   1	   10375914	   10375914	   .36	   .55	  
Conversational	  Turns	   	   	   	   	   	  
Education	  	   1	   348388	   348388	   14.88	   .0002	  
Age	   1	   77102	   77102	   3.92	   .07	  
Education*Age	   1	   1459	   1459	   .03	   .80	  
Child	  Vocalisation	   	   	   	   	   	  
Education	  	   1	   954480	   954480	   3.12	   .08	  
Age	   1	   575677	   575677	   1.88	   .17	  
Education*Age	   1	   87197	   87197	   .29	   .59	  
SS	  =	  Sum	  of	  Squares,	  MS	  =	  Mean	  Square	  
	  
3.7.5	  Key	  points	  
•   Our	  data	  indicate	  that	  associations	  between	  maternal	  education	  and	  family	  patterns	  
of	  talk	  remained	  relatively	  stable	  across	  the	  six	  month	  period	  during	  which	  the	  
speech	  data	  were	  collected.	  	  	  
3.8	  Comparison	  to	  LENA	  norms	  
Some	  readers	  may	  be	  interested	  to	  know	  how	  the	  families	  in	  our	  study	  compare	  to	  
other	  families.	  LENA	  technology	  is	  relatively	  new	  and	  most	  studies	  using	  the	  software	  have	  
been	  carried	  out	  in	  the	  US.	  To	  date	  there	  have	  been	  no	  large-­‐scale	  studies	  of	  how	  much	  
Australian	  families	  talk	  around	  and	  to	  their	  young	  children,	  so	  we	  are	  unable	  to	  compare	  the	  
families	  in	  our	  study	  with	  other	  Australian	  families.	  However,	  researchers	  from	  the	  LENA	  
Foundation	  have	  compiled	  around	  32,000	  hours	  of	  speech	  data	  into	  the	  LENA	  Natural	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Language	  Corpus	  (Gilkerson	  &	  Richards,	  2008).	  The	  corpus	  data	  were	  collected	  from	  a	  
longitudinal	  study	  of	  over	  300	  children	  (aged	  2	  to	  48	  months)	  from	  Colorado	  in	  the	  US	  who	  
represented	  a	  range	  of	  maternal	  education	  levels	  (Gilkerson	  &	  Richards,	  2008).	  From	  that	  
corpus	  LENA	  researchers	  produced	  normative	  estimates	  of	  daily	  adult	  word	  count,	  
conversational	  turns	  and	  child	  vocalisations	  for	  infants	  and	  toddlers,	  based	  on	  12-­‐hour	  days.	  
In	  the	  US	  sample,	  adult	  word	  count	  was	  found	  not	  to	  be	  related	  to	  children’s	  chronological	  
age;	  thus	  the	  norms	  for	  adult	  word	  count	  involve	  no	  age-­‐related	  adjustments.	  By	  contrast,	  
and	  unsurprisingly,	  conversational	  turns	  and	  child	  vocalisation	  increased	  significantly	  with	  
children’s	  chronological	  age;	  hence	  conversational	  turn	  count	  and	  child	  vocalisation	  count	  
estimates	  computed	  from	  the	  corpus	  are	  unique	  to	  each	  month	  of	  age.	  	  We	  compared	  our	  
estimates	  for	  each	  measure	  to	  the	  corpus	  estimates.	  Comparisons	  are	  presented	  separately	  
for	  each	  infant	  age,	  in	  turn.	  Section	  3.8.1	  presents	  6-­‐9	  month	  data;	  12-­‐15	  month	  data	  are	  
presented	  in	  section	  3.8.2.	  	  
3.8.1	  Comparisons	  at	  6	  to	  9	  months	  
Adult	  Words	  
The	  mean	  daily	  adult	  word	  count	  in	  the	  US	  sample	  (Gilkerson	  &	  Richards,	  2008)	  was	  12,297	  
(SD	  =	  6,462).	  At	  infant	  age	  6	  to	  9	  months	  the	  overall	  mean	  daily	  adult	  word	  count	  for	  our	  
sample	  was	  significantly	  higher	  than	  that	  at	  14,574	  (SD	  =	  6,386),	  equating	  to	  a	  mean	  
difference	  of	  2,277	  words	  daily,	  t(49)	  =	  2.52,	  p	  =	  .015	  (95%	  CI:	  461	  –	  4091).	  That	  difference	  
was	  driven	  by	  our	  higher	  maternal	  education	  group,	  whose	  daily	  adult	  word	  count	  (M	  =	  
16,761,	  SD	  =	  6,842)	  exceeded	  the	  corpus	  mean	  by	  almost	  4,500	  words,	  t(24)	  =	  3.26,	  p	  =	  .003	  
(95%	  CI:	  1639	  -­‐	  7288).	  There	  is	  no	  reference	  to	  the	  measures	  	  in	  relation	  to	  maternal	  
education	  in	  the	  LENA	  reports,	  however,	  one	  paper	  (Gilkerson	  &	  Richards,	  2009)	  mentions	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that	  parents	  who	  had	  attained	  at	  least	  a	  bachelor’s	  degree	  had	  a	  higher	  average	  daily	  adult	  
word	  count	  (M	  =	  14,	  926)	  than	  parents	  who	  had	  not	  attained	  a	  bachelor’s	  degree	  (M	  =	  
12,024).	  Comparing	  our	  maternal	  education	  group	  estimates	  to	  those	  two	  estimates,	  the	  
average	  adult	  word	  count	  for	  our	  higher	  education	  group	  (M	  =	  16,761)	  was	  around	  1800	  
words	  higher	  than	  the	  corpus	  higher	  education	  group,	  but	  the	  difference	  was	  not	  significant,	  
t(24)	  =	  1.34,	  p	  =	  .19	  (95%	  CI:	  -­‐989	  -­‐	  4659).	  For	  our	  lower	  maternal	  education	  group,	  adult	  
word	  count	  (M	  =	  12,386)	  was	  comparable	  with	  the	  corpus	  lower	  education	  group.	  	  	  	  
Conversational	  Turns	  
The	  age	  range	  for	  infants	  in	  the	  first	  stage	  of	  our	  study	  spanned	  a	  few	  months	  (6.1	  to	  9.3;	  M	  
=	  7.88).	  So,	  in	  order	  to	  	  compare	  our	  conversational	  turn	  data	  with	  the	  LENA	  norms	  
(Gilkerson	  &	  Richards,	  2008),	  we	  averaged	  the	  means	  and	  standard	  deviation	  from	  the	  
corpus	  data	  estimates	  provided	  for	  infants	  at	  6,	  7,	  8,	  and	  9	  months	  (M	  =	  230,	  SD	  =	  120;	  	  M	  =	  
273,	  SD	  =	  152;	  M	  =	  271,	  SD	  =	  144;	  M	  =	  263,	  SD	  =	  132,	  respectively)	  to	  create	  a	  comparison	  
estimate	  for	  our	  entire	  age	  range.	  Compared	  to	  that	  estimate	  (M	  =	  259,	  SD	  =	  137),	  the	  daily	  
conversational	  turn	  count	  for	  infants	  in	  our	  sample	  (M	  =	  311,	  SD	  =	  143)	  was	  significantly	  
higher,	  t(49)	  =	  2.56,	  p	  =	  .014	  (95%	  CI:	  11	  -­‐	  92).	  That	  difference	  was	  attributable	  to	  our	  higher	  
education	  group,	  whose	  daily	  conversational	  turn	  count	  (M	  =	  366,	  SD	  =	  158)	  exceeded	  the	  
corpus	  mean	  by	  over	  100	  turns,	  t(24)	  =	  3.39,	  p	  =	  .002	  (95%	  CI:	  41	  –	  172),	  whereas	  the	  daily	  
conversational	  turn	  count	  for	  infants	  in	  our	  lower	  maternal	  education	  group	  (M	  =	  256,	  SD	  =	  
102)	  was	  comparable	  with	  the	  corpus	  mean.	  	  
Child	  Vocalisation	  
For	  comparisons	  of	  child	  vocalisation	  data,	  we	  again	  calculated	  an	  overall	  mean	  and	  
standard	  deviation	  from	  the	  corpus	  data	  provided	  for	  infants	  at	  6,	  7,	  8,	  and	  9	  months	  (M	  =	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929,	  SD	  =	  429;	  	  M	  =	  1,046,	  SD	  =	  522;	  M	  =	  1,126,	  SD	  =	  478;	  M	  =	  1,076,	  SD	  =	  479,	  respectively).	  
Compared	  to	  that	  estimate	  (M	  =	  1,044,	  SD	  =	  492),	  the	  average	  daily	  child	  vocalisation	  count	  
for	  our	  whole	  sample	  (M	  =	  1,182,	  SD	  =	  454)	  was	  significantly	  higher,	  t(49)	  =	  2.14,	  p	  =	  .04	  
(95%	  CI:	  8	  –	  266).	  However,	  in	  contrast	  to	  what	  we	  observed	  with	  adult	  word	  count	  and	  
conversational	  turn	  count,	  the	  difference	  did	  not	  appear	  to	  be	  driven	  by	  either	  of	  our	  
maternal	  education	  groups	  specifically.	  	  	  
3.8.2	  Comparisons	  at	  12	  to	  15	  months	  
Adult	  Words	  
Again,	  we	  carried	  out	  comparisons	  between	  our	  data	  and	  the	  LENA	  Natural	  Language	  
Corpus	  data	  (Gilkerson	  &	  Richards,	  2008).	  At	  this	  age,	  the	  average	  daily	  adult	  word	  count	  for	  
our	  whole	  sample	  (M	  =	  13,112,	  SD	  =	  4,787)	  was	  comparable	  to	  the	  LENA	  corpus	  mean	  (M	  =	  
12,	  297,	  SD	  =	  6,462;	  t(48)	  =	  1.19,	  p	  =	  .24).	  However,	  the	  daily	  adult	  word	  count	  for	  our	  
higher	  maternal	  education	  group	  (M	  =	  14,	  620,	  SD	  =	  5,394)	  again	  exceeded	  the	  corpus	  
mean,	  by	  around	  2,	  300	  words,	  t(24)	  =	  2.15,	  p	  =	  .04	  (95%	  CI:	  97	  -­‐	  4549).	  For	  our	  higher	  (M	  =	  
14,	  620)	  and	  lower	  maternal	  education	  groups	  (M	  =	  11,	  540),	  daily	  adult	  word	  count	  
averages	  were	  also	  comparable	  to	  the	  corpus	  higher	  and	  lower	  education	  groups	  (M	  =	  14,	  
926,	  M	  =	  12,	  024,	  respectively,	  p	  >	  .05).	  	  	  
Conversational	  Turns	  
As	  it	  did	  in	  the	  first	  data	  collection	  stage,	  the	  age	  range	  for	  infants	  in	  this	  second	  stage	  also	  
spanned	  a	  few	  months	  (12.6	  -­‐	  15.9;	  M	  =	  14.4).	  So	  again	  we	  averaged	  the	  means	  and	  
standard	  deviations	  from	  the	  corpus	  data	  estimates	  (Gilkerson	  &	  Richards,	  2008)	  provided	  
for	  conversational	  turns	  for	  infants	  at	  12,	  13,	  14,	  and	  15	  months	  (M	  =	  321,	  SD	  =	  182;	  	  M	  =	  
332,	  SD	  =	  197;	  M	  =	  322,	  SD	  =	  210;	  M	  =	  332,	  SD	  =	  182,	  respectively)	  to	  create	  a	  comparison	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estimate	  for	  our	  entire	  age	  range.	  Compared	  to	  that	  estimate	  (M	  =	  327,	  SD	  =	  193),	  the	  daily	  
conversational	  turn	  count	  for	  our	  sample	  of	  12-­‐	  to	  15-­‐month-­‐olds	  (M	  =	  368,	  SD	  =	  181)	  did	  
not	  differ	  greatly,	  t(48)	  =	  1.6,	  p	  =	  .12.	  	  However,	  the	  average	  daily	  conversational	  turn	  count	  
for	  our	  higher	  maternal	  education	  group	  (M	  =	  429,	  SD	  =	  206)	  exceeded	  the	  corpus	  mean	  by	  
over	  100	  turns,	  t(48)	  =	  2.48,	  p	  =	  .02	  (95%	  CI:	  17	  -­‐	  187).	  	  
Child	  Vocalisation	  
For	  comparisons	  of	  our	  child	  vocalisation	  data	  with	  the	  corpus	  data	  (Gilkerson	  &	  Richards,	  
2008),	  we	  again	  calculated	  an	  overall	  mean	  and	  standard	  deviation	  for	  this	  age	  range	  	  from	  
the	  corpus	  data	  	  provided	  for	  infants	  at	  12,	  13,	  14,	  and	  15	  months	  (M	  =	  1,189,	  SD	  =	  544;	  	  M	  
=	  1,271,	  SD	  =	  618;	  M	  =	  1,219,	  SD	  =	  652;	  M	  =	  1,275,	  SD	  =	  657,	  respectively).	  Compared	  to	  that	  
estimate	  (M	  =	  1,238,	  SD	  =	  617),	  the	  average	  daily	  child	  vocalisation	  count	  for	  our	  whole	  
sample	  of	  infants	  at	  this	  stage	  (M	  =	  1,336,	  SD	  =	  645)	  was	  not	  significantly	  different,	  t(48)	  =	  
1.06,	  p	  =	  .29;	  nor	  was	  it	  markedly	  different	  for	  our	  higher	  or	  lower	  maternal	  education	  
groups	  separately	  (M	  =	  1,461,	  SD	  =	  701,	  t(24)	  =	  1.59,	  p	  =	  .13;	  M	  =	  1,206,	  SD	  =	  566,	  t(23)	  =	  -­‐
.28,	  p	  =	  .78,	  respectively).	  	  	  	  
3.8	  Discussion	  	  
The	  first	  question	  we	  asked	  was,	  ‘to	  what	  extent	  does	  the	  amount	  of	  infants’	  
exposure	  to	  adult	  talk	  differ	  between	  infants	  of	  more	  and	  less	  educated	  mothers?’	  Based	  on	  
existing	  literature,	  we	  expected	  that	  higher	  maternal	  education	  families	  would	  be	  more	  
talkative	  around	  their	  infants.	  Our	  LENA	  data	  indicates	  that,	  despite	  wide	  variation	  within	  
our	  two	  groups,	  infants	  of	  more	  educated	  mothers	  received	  significantly	  greater	  overall	  
exposure	  to	  adult	  speech	  in	  daily	  life,	  compared	  to	  the	  infants	  of	  less	  educated	  mothers.	  On	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an	  individual	  level,	  17-­‐20%	  of	  the	  variance	  in	  infants’	  daily	  exposure	  to	  adult	  speech	  could	  
be	  predicted	  by	  maternal	  years	  of	  education.	  Thus,	  our	  first	  hypothesis	  was	  supported.	  	  
Our	  second	  research	  question	  was	  ‘to	  what	  extent	  does	  the	  amount	  of	  verbal	  
interaction	  infants	  are	  experiencing	  differ	  between	  infants	  of	  more	  and	  less	  educated	  
mothers?’	  Based	  on	  previous	  evidence	  from	  studies	  of	  older	  infants,	  we	  expected	  higher	  
maternal	  education	  to	  be	  associated	  with	  greater	  amounts	  of	  conversational	  interaction	  
with	  infants.	  Our	  evidence	  indicates	  that,	  notwithstanding	  wide	  variation	  within	  our	  two	  
groups,	  compared	  to	  infants	  of	  less	  educated	  mothers,	  from	  as	  early	  as	  six	  months	  of	  age	  
infants	  of	  more	  educated	  mothers	  were,	  on	  average,	  involved	  in	  significantly	  more	  back-­‐
and-­‐forth	  conversational	  interactions	  with	  caregivers	  in	  daily	  life.	  On	  an	  individual	  level,	  
years	  of	  maternal	  education	  accounted	  for	  14-­‐20%	  of	  the	  variance	  in	  daily	  conversational	  
turn	  counts.	  These	  results	  provide	  support	  for	  our	  second	  hypothesis,	  and	  are	  in	  line	  with	  
earlier	  findings	  (e.g.	  Hart	  &	  Risley,	  1995;	  Hoff-­‐Ginsberg,	  1991).	  	  They	  also	  lend	  support	  to	  
recent	  findings	  (Vanormelingen	  &	  Gillis,	  2016)	  that	  SES-­‐related	  differences	  in	  parental	  
communication	  with	  young	  infants	  are	  already	  apparent	  during	  the	  first	  year	  of	  life.	  	  
The	  third	  question	  we	  posed	  concerned	  the	  extent	  to	  which	  infants	  of	  more	  
educated	  mothers	  might	  be	  making	  more	  attempts	  at	  verbal	  communication	  (i.e.	  vocalising	  
more),	  compared	  to	  infants	  of	  less	  educated	  mothers.	  Here,	  the	  literature	  to	  date	  provided	  
no	  strong	  support	  for	  a	  well-­‐founded	  hypothesis.	  Taking	  into	  consideration	  the	  recent	  
reporting	  of	  SES-­‐related	  differences	  in	  infant	  communication	  at	  7	  months	  (Betancourt	  et	  al.,	  
2015),	  we	  tentatively	  speculated	  that	  differences	  in	  infant	  vocalisation	  related	  to	  maternal	  
education	  might	  be	  evident	  during	  the	  latter	  part	  of	  infants’	  first	  year.	  However,	  since	  
another	  recent	  study	  (Noble	  et	  al.,	  2015)	  found	  no	  such	  differences	  at	  9	  months,	  we	  held	  no	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firm	  expectations.	  	  Our	  analysis	  revealed	  no	  significant	  difference	  in	  vocalisation	  between	  
our	  two	  groups	  of	  infants,	  when	  they	  were	  pre-­‐talkers	  or	  six	  months	  later	  when	  they	  were	  
emerging	  talkers.	  On	  an	  individual	  level,	  years	  of	  maternal	  education	  was	  a	  poor	  predictor	  
of	  infant	  vocalisation,	  accounting	  for	  only	  a	  negligible	  percentage	  of	  the	  variance.	  Thus,	  our	  
tentative	  hypothesis	  was	  not	  supported.	  Rather,	  in	  line	  with	  previous	  findings	  (Noble	  et	  al.,	  
2015),	  our	  results	  suggest	  that	  differences	  in	  maternal	  education	  are	  not	  reflected	  in	  
disparities	  in	  the	  quantity	  of	  infants’	  verbal	  communication	  attempts	  in	  the	  first	  year,	  or	  
even	  early	  in	  the	  second	  year.	  	  
Our	  fourth	  question	  asked	  ‘are	  differences	  in	  patterns	  of	  family	  talk,	  related	  to	  
maternal	  education	  changing	  across	  time	  between	  6	  to	  9	  months	  and	  12	  to	  15	  months?’	  
Based	  on	  previous	  research	  reporting	  an	  increasing	  socioeconomic	  divergence	  over	  time	  
(e.g.	  Hart	  &	  Risley,	  1995;	  Vanormelingen	  &	  Gillis,	  2016),	  we	  expected	  to	  see	  a	  sturdier	  
association	  between	  maternal	  education	  and	  our	  three	  measures	  of	  children’s	  linguistic	  
experience	  at	  12-­‐15	  months	  than	  we	  had	  observed	  six	  months	  earlier.	  Analyses	  of	  our	  LENA	  
data	  indicated	  that	  maternal	  education	  was	  still	  associated	  with	  differences	  in	  family	  
patterns	  of	  talk.	  When	  we	  assessed	  years	  of	  maternal	  education	  as	  a	  linear	  predictor	  of	  
LENA	  counts	  at	  the	  two	  infant	  ages,	  it	  accounted	  for	  a	  little	  less	  variance	  in	  adult	  word	  count	  
and	  conversational	  turns	  at	  the	  older	  age	  than	  it	  had	  six	  months	  earlier.	  However,	  group	  
level	  comparisons	  showed	  an	  increase	  in	  raw	  group	  differences	  for	  both	  counts	  at	  12-­‐15	  
months,	  compared	  to	  6-­‐9	  months.	  	  
Our	  analysis	  of	  child	  vocalisation	  counts	  at	  6-­‐9	  months	  suggested	  a	  slight	  positive	  
trend	  in	  infant	  vocalisation	  as	  a	  function	  of	  years	  of	  maternal	  education	  at	  6-­‐9	  months	  (see	  
Figure	  10,	  Section	  3.5.3).	  We	  initially	  speculated	  that	  the	  presence	  of	  such	  a	  trend	  could	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indicate	  the	  precursors	  of	  a	  divergence	  in	  infant	  verbal	  communication	  that	  would	  become	  
more	  prominent	  further	  along	  the	  developmental	  trajectory.	  However,	  although	  raw	  group	  
differences	  had	  increased	  by	  12-­‐15	  months,	  when	  considered	  in	  light	  of	  infants’	  overall	  
increase	  in	  vocalisation	  as	  they	  had	  matured,	  those	  differences	  were	  not	  great	  enough	  to	  
reach	  statistical	  significance.	  Correspondingly,	  at	  an	  individual	  level,	  the	  amount	  of	  variation	  
in	  infant	  vocalisation	  accounted	  for	  by	  years	  of	  maternal	  education	  had	  increased	  only	  
minimally	  and	  remained	  non-­‐significant.	  Thus,	  our	  fourth	  hypothesis	  was	  not	  supported.	  
Overall,	  our	  results	  suggest	  that	  while	  raw	  group	  differences	  increased	  as	  children	  matured,	  
in	  statistical	  terms	  the	  association	  between	  maternal	  education	  and	  infants’	  language	  
experience	  had	  remained	  relatively	  stable.	  In	  that	  regard,	  our	  results	  lend	  support	  to	  
previous	  findings	  (Rowe	  et	  al.,	  2005)	  that	  have	  reported	  relative	  stability	  in	  patterns	  of	  
parental	  communication	  with	  young	  children	  in	  relation	  to	  maternal	  education.	  	  
Observations	  	  
We	  observed	  a	  large	  amount	  of	  variation	  in	  our	  measures	  within	  our	  two	  groups	  (as	  
did	  Gilkerson	  &	  Richards,	  2009),	  but	  particularly	  within	  the	  higher	  education	  group.	  	  At	  6	  to	  
9	  months	  and	  12	  to	  15	  months	  both	  the	  lowest	  and	  highest	  counts	  for	  conversational	  turns	  
(88	  and	  624	  [Figure	  8,	  Section	  3.5.2];	  77	  and	  945	  [Figure	  16,	  Section	  3.6.2],	  respectively,)	  
appeared	  in	  the	  higher	  education	  group.	  The	  lowest	  and	  highest	  child	  vocalisation	  counts	  
(381	  and	  2,386;	  and	  284	  and	  3,056,	  respectively)	  also	  appeared	  within	  that	  group	  (see	  
Figure	  10,	  Section	  3.5.3	  and	  Figure	  18,	  Section	  3.6.3).	  This	  raises	  the	  question	  of	  what	  
additional	  factors	  might	  help	  explain	  (at	  times	  very	  wide)	  within-­‐group	  variance.	  It	  is	  a	  
question	  we	  will	  attempt	  to	  address	  in	  Chapter	  5	  when	  we	  assess	  a	  range	  of	  maternal	  
factors	  for	  their	  potential	  role	  in	  this	  context.	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When	  infants	  were	  between	  six	  and	  nine	  months	  of	  age,	  we	  saw	  no	  evidence	  of	  
differences	  in	  counts	  of	  adult	  words,	  conversational	  turns,	  or	  child	  vocalisation	  between	  
male	  and	  female	  infants.	  We	  did,	  however,	  see	  significant	  differences	  in	  how	  many	  
conversational	  interactions	  male	  and	  female	  infants	  were	  engaged	  in,	  coupled	  with	  
significant	  differences	  in	  how	  much	  they	  were	  vocalising,	  at	  12	  to	  15	  months.	  At	  that	  age,	  
female	  infants	  vocalised	  around	  500	  more	  times	  a	  day	  than	  male	  infants,	  and	  were	  involved	  
in	  around	  100	  more	  verbal	  exchanges	  with	  caregivers	  per	  day.	  In	  supplementary	  multiple	  
regression	  analyses	  we	  carried	  out	  to	  further	  investigate	  those	  associations,	  we	  found	  that	  
sex	  was	  a	  better	  predictor	  of	  child	  vocalisation	  at	  12	  –	  15	  months,	  compared	  to	  years	  of	  
maternal	  education;	  however	  maternal	  education	  remained	  a	  unique	  predictor	  of	  
conversational	  interaction	  at	  the	  same	  age.	  The	  finding	  suggests	  that	  even	  though	  females	  
may	  be	  making	  more	  verbal	  communication	  attempts,	  parental	  verbal	  engagement	  with	  the	  
infant	  may	  be	  more	  closely	  tethered	  to	  maternal	  education	  than	  it	  is	  to	  the	  sex	  of	  the	  infant.	  	  
Considerations	  
A	  few	  points	  need	  to	  be	  considered	  when	  interpreting	  our	  results.	  Firstly,	  alongside	  
the	  variation	  in	  1)	  overall	  adult	  word	  count	  and	  2)	  conversational	  interactions	  that	  could	  be	  
accounted	  for	  by	  maternal	  education	  in	  the	  current	  study	  stands	  a	  large	  portion	  of	  variance	  
that	  remains	  unexplained.	  Further	  research	  is	  needed,	  then,	  to	  determine	  what	  other	  
environmental	  factors	  might	  go	  towards	  explaining	  more	  of	  the	  variance	  in	  the	  current	  
context.	  
Another	  point	  to	  consider	  is	  that	  although	  we	  found	  no	  evidence	  in	  this	  study	  of	  
differences	  in	  infants’	  attempts	  to	  communicate	  in	  relation	  to	  maternal	  education,	  our	  focus	  
here	  was	  on	  verbal	  communication	  behaviours.	  Our	  measure	  of	  infant	  vocalisation	  cannot	  
101	  
	  
capture	  the	  various	  forms	  of	  non-­‐verbal	  communication,	  such	  as	  gaze,	  gesture,	  and	  facial	  
expressions	  that	  are	  typical	  components	  of	  dyadic	  interactions	  between	  prelinguistic	  infants	  
and	  their	  caregivers.	  Thus,	  it	  is	  possible	  that,	  like	  the	  infants	  in	  the	  Betancourt	  et	  al.	  study	  
(2015),	  the	  infants	  in	  our	  study	  were	  displaying	  differential	  non-­‐verbal	  communicative	  
behaviours	  that	  our	  research	  methods	  were	  not	  able	  to	  detect.	  	  
Conclusions	  
Despite	  the	  limitations	  just	  discussed,	  the	  current	  findings	  provide	  clear	  evidence	  
that	  even	  before	  children	  have	  begun	  to	  talk,	  maternal	  education	  plays	  a	  role	  in	  linguistic	  
experience.	  These	  results	  are	  in	  line	  with	  evidence	  from	  previous	  studies	  of	  maternal	  
education	  differences	  in	  speech	  input	  to	  older	  children	  (e.g.	  Rowe	  et	  al.,	  2005).	  Our	  findings	  
go	  some	  way	  towards	  explaining	  how,	  and	  how	  early,	  maternal	  education	  might	  exert	  an	  
influence	  on	  language	  development,	  and	  they	  also	  highlight	  a	  number	  of	  areas	  that	  require	  
further	  investigation.	  At	  first	  blush,	  it	  seemed	  as	  though	  our	  data	  might	  provide	  evidence	  of	  
an	  increasing	  SES-­‐related	  gap	  between	  families	  regarding	  how	  much	  experience	  with	  speech	  
they	  were	  providing	  their	  children,	  as	  has	  been	  reported	  previously	  (e.g.	  Hart	  &	  Risley,	  
1995).	  However,	  the	  associations	  we	  observed	  between	  maternal	  education	  and	  early	  
speech	  input	  appeared	  to	  be	  quite	  stable	  as	  infants	  matured.	  Taken	  together,	  our	  evidence	  
indicates	  that	  how	  much	  caregivers	  talk	  around	  their	  babies	  and	  how	  much	  they	  engage	  in	  
conversation	  with	  them	  are	  two	  important	  aspects	  of	  linguistic	  experience	  to	  consider	  when	  
we	  are	  trying	  to	  understand	  differential	  experience	  in	  the	  first	  year	  of	  life	  related	  to	  SES	  
factors.	  Furthermore,	  it	  seems	  unlikely	  that	  attempts	  at	  verbal	  communication	  on	  the	  part	  
of	  the	  infant	  are	  driving	  the	  early	  association	  between	  maternal	  education	  and	  differential	  
linguistic	  experience.	  	  
102	  
	  
In	  the	  next	  chapter,	  we	  will	  turn	  our	  attention	  to	  the	  emerging	  vocabulary	  skills	  of	  the	  
infants	  in	  our	  study	  during	  their	  second	  year	  of	  life.	  We	  will	  begin	  when	  the	  infants	  are	  12-­‐	  
to	  15-­‐month-­‐olds	  and	  starting	  to	  talk,	  and	  track	  them	  as	  19-­‐month-­‐olds,	  when	  they	  are	  
entering	  a	  stage	  of	  development	  when	  word	  learning	  typically	  begins	  to	  accelerate	  
dramatically	  (e.g.	  Kalashnikova	  et	  al.,	  2016)	  and	  individual	  variation	  tends	  to	  increase	  
(Fenson	  et	  al.,	  1994).	  This	  will	  allow	  us	  to	  build	  on	  preliminary	  findings	  regarding	  child	  
vocalisation,	  and	  provide	  insight	  into	  how	  the	  development	  of	  children’s	  speech	  production	  
is	  related	  to	  earlier	  speech	  input.	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Chapter	  4:	  Expressive	  Vocabulary	  between	  12-­‐‑15	  and	  19	  months	  
The	  primary	  interest	  in	  this	  study	  is	  the	  relationship	  between	  maternal	  education	  and	  infant	  
vocabulary	  production,	  and	  factors	  that	  may	  mediate	  that	  relationship.	  In	  the	  previous	  
chapter,	  we	  focused	  on	  our	  main	  potential	  mediating	  variable	  –	  infants’	  early	  experience	  
with	  spoken	  language	  in	  their	  home	  environment.	  In	  this	  chapter,	  we	  turn	  our	  attention	  to	  
infants’	  emerging	  spoken	  language	  skills	  during	  the	  second	  year	  of	  life.	  Here,	  we	  report	  on	  
the	  later	  steps	  of	  our	  investigation,	  in	  which	  infants’	  expressive	  vocabulary	  at	  two	  ages	  was	  
measured	  using	  a	  parent-­‐report	  vocabulary	  inventory,	  first	  when	  infants	  were	  between	  12	  
and	  15	  months	  old,	  and	  again	  at	  19	  months.	  Vocabulary	  size	  at	  both	  ages	  is	  discussed	  here	  
in	  relation	  to	  a)	  maternal	  education	  and	  b)	  earlier	  linguistic	  experience.	  We	  begin	  with	  a	  
review	  of	  some	  background	  literature	  pertinent	  to	  our	  research	  questions.	  	  
4.1	  Background	  	  
There	  is	  evidence	  to	  suggest	  that	  SES-­‐related	  differences	  in	  infant	  communicative	  acts	  
involving	  gesture	  are	  apparent	  by	  14	  months	  (Rowe	  &	  Goldin-­‐Meadow,	  2009),	  or	  even	  as	  
early	  as	  7	  months	  (Betancourt	  et	  al.,	  2015).	  For	  children’s	  expressive	  vocabulary,	  SES-­‐related	  
differences	  have	  been	  reported	  from	  as	  early	  as	  16	  months	  (Hart	  &	  Risley,	  1995),	  and	  
appear	  to	  be	  robust	  by	  3	  to	  4	  years	  (Dollaghan	  et	  al.,	  1999;	  Reilly	  et	  al.,	  2010).	  Findings	  from	  
a	  number	  of	  recent	  studies	  suggest	  that	  for	  children	  from	  differing	  SES	  backgrounds,	  the	  
development	  of	  language	  skills	  begins	  to	  deviate	  considerably	  sometime	  between	  16	  and	  24	  
months.	  For	  example,	  one	  recent	  study	  (Noble	  et	  al.,	  2015)	  tracked	  the	  receptive	  and	  
expressive	  language	  skills	  of	  two	  groups	  of	  young	  children	  across	  six	  months,	  one	  group	  
from	  9	  to	  15	  months,	  and	  another	  group	  from	  15	  to	  21	  months.	  Their	  results	  showed	  SES-­‐
related	  differences	  in	  receptive	  language	  by	  15	  months	  (but	  not	  at	  9	  months);	  however,	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differences	  in	  expressive	  language	  were	  not	  detectable	  until	  21	  months.	  Other	  recent	  
findings	  show	  evidence	  of	  clear	  SES-­‐related	  differences	  in	  children’s	  CDI	  production	  scores	  
at	  18	  months,	  and	  even	  larger	  differences	  at	  24	  months	  (Fernald,	  Marchman,	  &	  Weisleder,	  
2013).	  	  	  
However,	  one	  earlier	  study	  that	  assessed	  children’s	  language	  production	  at	  12,	  15,	  
and	  18	  months	  found	  no	  relationship	  between	  maternal	  education	  and	  CDI	  production	  
scores	  at	  any	  of	  the	  three	  ages	  (Roberts,	  Bornstein,	  Slater,	  &	  Barrett,	  1999).	  Furthermore,	  in	  
a	  large,	  population-­‐based	  longitudinal	  study	  of	  Australian	  children	  (Reilly	  et	  al.,	  2006,	  2009,	  
2010),	  although	  lower	  maternal	  education	  was	  a	  significant	  predictor	  of	  lower	  CDI	  
production	  scores	  by	  the	  time	  children	  were	  4	  years	  of	  age,	  it	  was	  not	  at	  8,	  12	  or	  24	  months.	  
Taken	  together,	  these	  findings	  suggest	  that	  although	  trajectories	  of	  word	  production	  likely	  
begin	  to	  diverge	  significantly	  sometime	  between	  16	  and	  24	  months,	  the	  precise	  timing	  
involved	  still	  requires	  further	  clarification.	  	  	  
In	  typically	  developing	  children,	  the	  rate	  of	  productive	  vocabulary	  growth	  is	  thought	  
to	  progress	  slowly	  during	  the	  first	  half	  of	  the	  second	  year	  and	  then	  begin	  to	  accelerate	  when	  
cumulative	  vocabulary	  reaches	  around	  the	  50-­‐word	  level,	  usually	  sometime	  during	  the	  
second	  half	  of	  the	  second	  year.	  However,	  as	  a	  number	  of	  normative	  studies	  (e.g.	  Fenson	  et	  
al.,	  1994;	  Hamilton,	  Plunkett,	  &	  Schafer,	  2000;	  Kalashnikova	  et	  al.,	  2016)	  have	  shown,	  
increasing	  growth	  rates	  are	  coupled	  with	  increasing	  individual	  variability	  so	  that	  the	  
separation	  between	  children	  in	  10th	  and	  90th	  percentile,	  for	  example,	  tends	  to	  widen	  across	  
the	  second	  half	  of	  the	  second	  year.	  It	  is	  possible,	  then,	  that	  observations	  of	  SES-­‐related	  
differences	  in	  vocabulary	  growth	  become	  more	  apparent	  with	  increasing	  variability	  rather	  
than	  with	  maturation,	  as	  such.	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Whether	  in	  the	  context	  of	  SES	  or	  not,	  previous	  research	  has	  shown	  that	  the	  quantity	  
of	  input	  children	  receive	  is	  predictive	  of	  variability	  in	  their	  vocabulary	  (Hoff	  &	  Naigles,	  2002;	  
Hurtado	  et	  al.,	  2008;	  Huttenlocher	  et	  al.,	  1991,	  2010;	  Pearson,	  Fernandez,	  Lewedeg,	  &	  Oller,	  
1997;	  Shneidman	  et	  al.,	  2013;	  Weisleder	  &	  Fernald,	  2013).	  However,	  it	  seems	  it	  is	  not	  the	  
quantity	  of	  speech	  children	  overhear,	  but	  rather	  the	  quantity	  of	  speech	  directed	  towards	  
them,	  that	  appears	  to	  be	  of	  greater	  importance	  to	  children’s	  word	  learning	  (Shneidman	  et	  
al.,	  2013;	  Shneidman	  &	  Goldin-­‐Meadow,	  2012;	  Weisleder	  &	  Fernald,	  2013).	  
Correspondingly,	  from	  the	  findings	  of	  some	  previous	  studies	  that	  have	  used	  the	  LENA	  
system	  to	  assess	  children’s	  home	  language	  environments,	  conversational	  turn	  counts	  
appear	  to	  be	  better	  predictors	  of	  children’s	  language	  skills,	  compared	  to	  adult	  word	  counts	  
(Greenwood	  et	  al.,	  2010;	  Zimmerman	  et	  al.,	  2009).	  Relationships	  between	  quantity	  of	  
speech	  input	  and	  early	  vocabulary	  have	  typically	  been	  studied	  in	  children	  after	  around	  18	  
months	  of	  age.	  So	  we	  were	  interested	  to	  know	  whether	  similar	  associations	  may	  already	  be	  
observable	  in	  the	  months	  following	  children’s	  first	  birthday.	  	  
4.2	  The	  Current	  Study	  
The	  current	  study	  was	  the	  second	  aspect	  of	  our	  longitudinal	  investigation.	  The	  aim	  here	  
was	  to	  examine	  the	  relationship	  between	  maternal	  education	  and	  infants’	  expressive	  
vocabulary,	  starting	  when	  the	  infants	  were	  beginning	  to	  talk,	  and	  the	  potentially	  mediating	  
role	  of	  early	  language	  experience.	  Previous	  research	  (e.g.	  Fernald	  et	  al.,	  2013;	  Hupp	  et	  al.,	  
2011;	  Noble	  et	  al.,	  2015)	  suggests	  that	  SES-­‐related	  differences	  in	  vocabulary	  size	  may	  not	  
become	  obvious	  until	  sometime	  after	  16	  months.	  With	  that	  in	  mind,	  we	  were	  primarily	  
interested	  in	  infants’	  vocabulary	  at	  around	  19	  months,	  a	  time	  when	  word	  learning	  is	  
typically	  beginning	  to	  accelerate	  and	  individual	  variation	  tends	  to	  increase	  (Fenson	  et	  al.,	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1994;	  Hamilton	  et	  al.,	  2000;	  Kalashnikova	  et	  al.,	  2016).	  However,	  we	  also	  wanted	  to	  
measure	  infants’	  emerging	  expressive	  vocabulary	  some	  months	  earlier	  so	  we	  could	  compare	  
associations	  at	  two	  ages.	  Now	  that	  we	  had	  measures	  of	  input	  quantity	  collected	  at	  6-­‐9	  and	  
12-­‐15	  months	  (as	  described	  in	  Chapter	  3),	  our	  approach	  was	  to	  assess	  those	  measures	  in	  
conjunction	  with	  maternal	  education	  as	  predictors	  of	  infants’	  later	  vocabulary	  skills,	  at	  12-­‐
15	  months	  and	  19	  months,	  respectively.	  	  	  	  
Here,	  we	  posed	  two	  research	  questions:	  	  
1.   To	  what	  extent	  is	  variation	  in	  infants’	  expressive	  vocabulary	  size	  at	  12-­‐15	  and	  19	  
months	  related	  to	  maternal	  education?	  
2.   To	  what	  extent	  does	  the	  quantity	  of	  infants’	  earlier	  linguistic	  experience	  mediate	  
any	  observed	  association	  between	  maternal	  education	  and	  expressive	  
vocabulary	  in	  the	  second	  year	  of	  life?	  	  
H1.	  We	  hypothesised	  that	  infants	  of	  mothers	  with	  higher	  levels	  of	  education	  would	  have	  
larger	  productive	  vocabularies	  at	  19	  months,	  compared	  to	  infants	  of	  mothers	  with	  lower	  
levels	  of	  education.	  Bearing	  in	  mind	  the	  previous	  literature	  regarding	  the	  age	  at	  which	  SES-­‐
related	  differences	  in	  expressive	  vocabulary	  appear	  to	  emerge,	  at	  12-­‐15	  months	  we	  
expected	  to	  see	  at	  least	  a	  trend	  in	  the	  same	  direction.	  	  
H2.	  Based	  on	  the	  SES	  literature,	  we	  hypothesised	  that	  any	  observed	  associations	  between	  
maternal	  education	  and	  infant	  vocabulary	  would	  be	  at	  least	  partially	  mediated	  by	  earlier	  





As	  this	  study	  was	  a	  continuation	  of	  our	  longitudinal	  investigation,	  participants	  were	  the	  
same	  families	  as	  already	  described	  in	  Chapter	  3	  (see	  Section	  3.3.1).	  Vocabulary	  data	  was	  
collected	  for	  50	  infants	  (26	  males,	  24	  females)	  at	  both	  infant	  ages.	  However,	  for	  reasons	  
that	  will	  be	  outlined	  in	  Section	  4.4,	  our	  final	  sample	  consisted	  of	  48	  infants	  (25	  males,	  23	  
females).	  Both	  stages	  of	  vocabulary	  data	  collection	  took	  place	  within	  one	  year	  of	  the	  first	  
wave	  of	  speech	  data	  collection,	  and	  none	  of	  the	  mothers	  had	  subsequently	  attained	  higher	  
levels	  of	  education.	  For	  our	  reduced	  sample	  (N	  =	  48)	  maternal	  education	  levels	  still	  ranged	  
from	  10	  to	  18	  years	  (M	  =	  14.6,	  SD	  =	  2.2).	  	  Infant	  age	  for	  the	  two	  stages	  of	  vocabulary	  data	  
ranged	  from	  12.2	  to	  15.9	  months	  (M	  =	  14.4,	  SD	  =	  0.8),	  and	  from	  18.3	  –	  19.9	  months	  (M	  =	  
19.0,	  SD	  =	  0.3).	  	  
4.3.2	  Measures	  
To	  measure	  infants’	  expressive	  vocabulary,	  we	  used	  the	  Australian	  English	  Communicative	  
Development	  Inventory	  (OZI;	  Kalashnikova	  et	  al.,	  2016).	  The	  OZI	  (see	  Appendix	  K)	  is	  an	  
Australian	  English	  adaptation	  of	  the	  MacArthur-­‐Bates	  Communicative	  Development	  
Inventory	  (CDI;	  Fenson	  et	  al.,	  1993,	  1994),	  a	  widely	  used	  parental	  report	  instrument	  for	  
measuring	  early	  language	  skills.	  Parental	  report	  checklists	  are	  easy	  to	  use,	  correlate	  well	  
with	  expert	  assessments	  of	  child	  language	  (Björn,	  Kakkuri,	  &	  Leppänen,	  2014),	  and	  they	  
provide	  cost	  and	  time	  effective	  indices	  of	  children’s	  vocabulary,	  making	  them	  ideal	  for	  use	  
outside	  of	  laboratory	  settings	  (Fenson	  et	  al.,	  1993,	  1994,	  2000;	  Kalashnikova	  et	  al.,	  2016)	  
The	  OZI	  combines	  sections	  of	  the	  infant	  CDI	  and	  toddler	  CDI	  into	  one	  brief	  inventory	  that	  
can	  be	  used	  to	  assess	  the	  size	  and	  development	  of	  early	  expressive	  vocabulary	  in	  children	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aged	  from	  12	  to	  30	  months	  of	  age.	  It	  contains	  558	  vocabulary	  items	  across	  15	  semantic	  
sections:	  ‘sound	  effects	  and	  animal	  sounds’,	  ‘animals’	  (real	  or	  toy),	  ‘toys’,	  ‘food	  and	  drink’,	  
‘clothing’,	  ‘body	  parts’,	  ‘small	  household	  items’,	  ‘furniture	  and	  rooms’,	  ‘outside	  things’,	  
‘places	  to	  go’,	  ‘	  people’,	  ‘	  games	  and	  routines’,	  ‘action	  words’,	  and	  ‘descriptive	  words’.	  The	  
OZI	  also	  contains	  three	  additional	  sections	  for	  word	  forms,	  word	  endings,	  and	  mean	  length	  
for	  the	  three	  longest	  sentences	  a	  parent	  has	  heard	  their	  child	  say	  (M3L).	  Parents	  complete	  
the	  vocabulary	  sections	  by	  ticking	  the	  box	  next	  to	  any	  words	  they	  have	  heard	  their	  child	  say.	  
Where	  children	  are	  using	  a	  different	  or	  incomplete	  pronunciation	  of	  a	  word,	  parents	  are	  
instructed	  to	  tick	  the	  word	  anyway,	  as	  the	  focus	  is	  on	  spoken	  vocabulary	  size,	  not	  
articulation.	  OZI	  scores	  correlate	  well	  with	  CDI	  scores	  and	  the	  OZI	  has	  been	  found	  to	  be	  a	  
reliable	  and	  sensitive	  measure	  of	  expressive	  vocabulary	  for	  Australian	  infants	  and	  toddlers	  
acquiring	  English	  (for	  details	  and	  normative	  data,	  see	  Kalashnikova	  et	  al.,	  2016).	  	  
4.3.3	  Procedure	  
Child	  vocabulary	  data	  was	  collected	  at	  two	  infant	  ages:	  firstly,	  when	  infants	  were	  between	  
12	  and	  15	  months	  of	  age,	  and	  again	  at	  19	  months.	  At	  12	  –	  15	  months,	  in	  addition	  to	  
completing	  the	  recordings	  that	  provided	  the	  speech	  data	  discussed	  in	  Chapter	  3	  and	  the	  
questionnaires	  that	  will	  be	  discussed	  in	  Chapter	  5,	  parents	  were	  also	  asked	  to	  complete	  the	  
OZI	  for	  their	  child.	  At	  19	  months,	  mothers	  completed	  the	  OZI	  again	  during	  the	  final	  research	  
session,	  at	  which	  time	  they	  were	  also	  administered	  standardised	  cognitive	  tests	  (these	  will	  
be	  reported	  in	  Chapter	  5).	  The	  same	  protocol	  continued	  throughout	  the	  study,	  wherein	  
parents	  were	  given	  $30	  for	  each	  completed	  research	  session,	  and	  the	  infants	  received	  a	  
small	  gift	  and	  a	  certificate	  (see	  Appendix	  J).	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4.4	  Approaching	  Data	  Analysis	  	  
4.4.1	  Excluded	  babies	  
Vocabulary	  data	  was	  collected	  for	  50	  infants	  (26	  males,	  24	  females)	  at	  both	  infant	  ages.	  
However,	  after	  data	  collection	  had	  been	  finalised,	  it	  came	  to	  light	  that	  for	  two	  infants	  (one	  
from	  each	  maternal	  education	  group)	  parents	  had	  also	  included	  words	  conveyed	  via	  
sign/gesture	  when	  completing	  the	  vocabulary	  measure.	  Neither	  of	  the	  infants,	  nor	  any	  of	  
their	  immediate	  family	  members	  were	  hearing-­‐impaired.	  We	  know	  that,	  due	  to	  having	  deaf	  
relatives,	  the	  mother	  of	  one	  infant	  was	  learning,	  and	  also	  teaching	  her	  infant,	  to	  use	  
Australian	  Sign	  Language	  (Auslan).	  However,	  for	  the	  other	  infant,	  we	  have	  no	  further	  
information.	  Vocabulary	  scores	  for	  both	  infants	  were	  particularly	  high	  for	  their	  age	  and	  we	  
did	  not	  know	  to	  what	  extent	  gestural	  communication	  may	  have	  contributed	  to	  those	  high	  
scores.	  So,	  we	  made	  a	  decision	  to	  exclude	  the	  two	  infants	  from	  any	  analyses	  involving	  the	  
vocabulary	  measures.	  Thus,	  data	  reported	  here	  at	  both	  infant	  ages	  pertain	  to	  48	  infants	  (25	  
males,	  23	  females).	  	  
4.4.2	  Data	  screening	  	  
Prior	  to	  analysis,	  data	  for	  our	  reduced	  sample	  (N	  =	  48)	  were	  screened	  for	  outliers	  and	  
assumptions	  of	  normality.	  Where	  results	  of	  normality	  tests	  indicated	  assumptions	  were	  not	  
met,	  skewness	  and	  kurtosis	  values	  were	  assessed	  following	  the	  recommendations	  of	  Field	  
(2012).	  That	  is,	  values	  representing	  skewness	  or	  kurtosis	  divided	  by	  2	  standard	  errors	  (i.e.	  
skewness/2SE,	  kurtosis/2SE)	  that	  are	  ≥	  1,	  ≥	  1.29	  or	  ≥	  1.65	  are	  considered	  significant	  at	  the	  
level	  of	  p	  <	  .05,	  p	  <	  .01	  and	  p	  <	  .001,	  respectively.	  	  
For	  12	  –	  15	  month	  vocabulary	  scores,	  inspection	  of	  our	  ungrouped	  and	  grouped	  data	  
showed	  significant	  positive	  skewness	  and	  kurtosis	  at	  the	  ungrouped	  level	  (p	  <	  .001)	  that	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could	  be	  traced	  to	  the	  higher	  education	  group	  (p	  <	  .001).	  Since	  values	  were	  significant,	  data	  
were	  inspected	  for	  the	  presence	  of	  outliers	  via	  calculation	  of	  standardised	  scores.	  Using	  z-­‐
scores	  ≥	  |3.29|	  as	  the	  criterion	  (Tabachnick	  &	  Fidell,	  2012),	  one	  child	  in	  the	  higher	  maternal	  
education	  group	  with	  a	  raw	  score	  of	  62	  was	  identified	  as	  an	  outlier	  within	  that	  group	  (z	  =	  
3.5;	  see	  Figure	  24).	  The	  same	  child	  also	  emerged	  as	  an	  outlier	  in	  inspections	  of	  our	  
ungrouped	  data	  (z	  =	  4.5).	  We	  were	  concerned	  the	  extreme	  score	  could	  distort	  results;	  
however,	  there	  were	  no	  independent	  reasons	  to	  exclude	  the	  child’s	  data	  (i.e.	  the	  child	  
appeared	  to	  be	  a	  precocious	  talker	  and	  we	  had	  no	  grounds	  on	  which	  to	  doubt	  the	  parents’	  
report).	  So,	  the	  decision	  was	  taken	  (following	  recommendations	  of	  Tabachnick	  &	  Fidell,	  
2012)	  to	  adjust	  that	  child’s	  raw	  score	  to	  33	  (refer	  to	  Figure	  25),	  which	  was	  one	  unit	  higher	  
than	  the	  next	  highest	  score	  (in	  either	  group)	  of	  32.	  For	  our	  ungrouped	  data,	  some	  significant	  
skewness	  remained	  (p	  <	  .01)	  but	  kurtosis	  had	  become	  non-­‐significant	  (p	  >	  .05),	  but	  following	  
the	  score	  adjustment,	  skewness	  and	  kurtosis	  for	  each	  group	  were	  non-­‐significant	  (p	  >	  .05).	  
Note:	  from	  a	  visual	  inspection	  of	  the	  grouped	  data	  (and	  as	  can	  be	  seen	  in	  Figure	  24),	  one	  
child	  in	  the	  lower	  education	  group	  looked	  like	  a	  potential	  outlier.	  However,	  the	  child’s	  z-­‐
score	  did	  not	  meet	  the	  criterion	  we	  had	  set	  for	  identifying	  outliers,	  so	  no	  adjustment	  to	  that	  








For	  19	  month	  vocabulary	  scores,	  inspection	  of	  our	  ungrouped	  and	  grouped	  data	  showed	  
non-­‐significant	  kurtosis,	  but	  significant	  skewness	  at	  the	  ungrouped	  level	  (p	  <	  .01)	  that	  could	  
be	  traced	  to	  the	  lower	  education	  group	  (p	  <	  .05).	  In	  visual	  inspections	  of	  plots	  (refer	  to	  
Figure	  27	  in	  Section	  4.5.2),	  one	  child	  in	  the	  lower	  education	  group	  (the	  same	  child	  who	  had	  
appeared	  as	  a	  potential	  outlier	  in	  the	  12	  –	  15	  month	  data)	  again	  appeared	  as	  a	  potential	  
outlier.	  However,	  using	  z-­‐scores	  ≥	  |3.29|	  as	  the	  criterion	  (Tabachnick	  &	  Fidell,	  2012),	  no	  
outliers	  were	  identified	  at	  a	  grouped	  or	  ungrouped	  level	  (all	  z-­‐scores	  ≤	  |2.5|).	  As	  such,	  no	  
adjustments	  were	  made	  to	  the	  19	  month	  data.	  	  	  
Figure	  24	  Violin	  plots	  show	  expressive	  vocabulary	  scores	  at	  12-­‐15	  months	  for	  two	  maternal	  education	  groups	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Because	  at	  both	  ages	  observed	  skewness	  was	  not	  extreme,	  and	  group	  sizes	  were	  equal	  and	  
also	  reasonably	  large	  (n	  =	  24),	  it	  was	  decided	  that	  some	  departure	  from	  normality	  could	  be	  
tolerated	  and	  parametric	  tests	  could	  be	  carried	  out	  (see	  Tabachnick	  &	  Fidell,	  2012).	  Tests	  
assessing	  homogeneity	  of	  variance	  showed	  that	  the	  assumption	  was	  met	  for	  12	  –	  15	  month	  
vocabulary	  scores	  (p	  >	  .05)	  but	  violated	  for	  19	  month	  vocabulary	  scores	  (p	  <	  .01);	  therefore	  
an	  adjusted	  value	  for	  the	  degrees	  of	  freedom	  is	  reported	  for	  the	  latter	  in	  our	  between-­‐
groups	  comparisons.	  
4.5	  Expressive	  vocabulary	  in	  relation	  to	  maternal	  education	  
Our	  first	  research	  question	  concerned	  the	  extent	  to	  which	  variation	  in	  infants’	  
expressive	  vocabulary	  at	  12	  -­‐	  15	  months	  and	  19	  months	  was	  related	  to	  maternal	  education.	  
This	  section	  describes	  our	  first	  set	  of	  analyses,	  where	  comparisons	  are	  based	  on	  two	  
maternal	  education	  groups.	  With	  alpha	  set	  at	  .05,	  independent	  samples	  t-­‐tests	  were	  
conducted	  by	  maternal	  education	  group	  (high,	  low)	  for	  infants’	  OZI	  scores.	  Descriptive	  
statistics	  are	  provided	  in	  Table	  7.	  




	  (N	  =	  48)	  
Lower	  
education	  group	  
(n	  =	  24)	  
Higher	  
education	  group	  
(n	  =	  24,	  raw)1	  
Higher	  education	  
group	  (n	  =	  24,	  
adjusted)2	  
12-­‐15	  months	   	   	   	   	  
Min-­‐Max	  	   0	  –	  33	   0	  –	  32	   0	  –	  62	   0	  –	  33	  
Mean	  (SD)	   12.33	  (8.73)	   11.04	  (7.41)	   14.83	  (13.47)	   13.63	  (9.88)	  
19	  months	   	   	   	   	  
Min-­‐Max	   10	  -­‐	  218	   13	  -­‐	  171	   10	  -­‐	  218	   	  
Mean	  (SD)	   69.27	  (59.69)	   58.25	  (45.5)	   80.29	  (70.41)	   	  




4.5.1	  Vocabulary	  at	  12	  –	  15	  months	  
At	  12	  –	  15	  months	  (see	  Figure	  25),	  infants’	  mean	  vocabulary	  scores	  for	  infants	  in	  the	  lower	  
education	  group	  (M	  =	  11.04),	  did	  not	  differ	  significantly	  from	  scores	  for	  infants	  in	  the	  higher	  
education	  group	  (M	  =	  13.63)	  did	  not	  differ	  significantly,	  t(46)	  =	  1.03,	  p	  =	  .31,	  95%	  CI	  [-­‐7.66,	  
2.49].	  Linear	  modelling	  showed	  that	  years	  of	  education	  predicted	  eight	  percent	  of	  the	  











4.5.2	  Vocabulary	  at	  19	  months	  
As	  shown	  in	  Figure	  27,	  vocabulary	  scores	  for	  infants	  in	  the	  higher	  education	  group	  (M	  =	  
80.29)	  were	  not	  significantly	  different	  in	  comparison	  to	  infants	  in	  the	  lower	  education	  group	  
(M	  =	  58.25),	  a	  mean	  difference	  of	  22	  words,	  t(39.36)	  =	  1.29,	  p	  =	  .21,	  95%	  CI	  [-­‐56.64,	  12.56].	  
Years	  of	  maternal	  education	  was	  not	  a	  significant	  linear	  predictor	  of	  vocabulary	  scores	  for	  
our	  sample	  of	  infants,	  accounting	  for	  only	  four	  percent	  of	  the	  variance	  R2	  =	  .04,	  F	  (1,	  46)	  =	  
1.97,	  p	  =	  .17	  (see	  Figure	  28	  for	  scatterplot).	  	  
Figure	  26	  Scatterplot	  shows	  12-­‐15	  month	  vocabulary	  scores	  as	  predicted	  by	  maternal	  education	  Our	  two	  






	   	  
	  
Figure	  27	  Violin	  plots	  show	  expressive	  vocabulary	  scores	  at	  19	  months	  for	  two	  maternal	  education	  groups.	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4.5.3	  Key	  points	  
•   Considering	  infants’	  OZI	  scores	  in	  relation	  to	  two	  maternal	  education	  groups	  
revealed	  no	  significant	  group	  differences.	  
•   Associations	  between	  years	  of	  educational	  experience	  and	  infant	  vocabulary,	  though	  
positive,	  were	  not	  significant.	  
4.6	  Four	  maternal	  education	  groups	  
This	  thesis	  has	  developed	  in	  response	  to	  the	  Longitudinal	  Outcomes	  of	  Children	  with	  
Hearing	  Impairment	  (LOCHI)	  study	  (Ching,	  Dillon,	  Marnane,	  Hou,	  et	  al.,	  2013).	  In	  the	  LOCHI	  
study,	  maternal	  education	  was	  specified	  using	  a	  3-­‐point	  scale:	  1)	  ≤	  12	  years	  of	  schooling;	  2)	  
diploma	  or	  certificate;	  or	  3)	  university	  qualification.	  Using	  ≤	  12	  years	  of	  schooling	  as	  a	  
Figure	  28	  Scatterplot	  shows	  19	  month	  vocabulary	  scores	  as	  predicted	  by	  maternal	  education	  Our	  two	  groups	  
are	  indicated	  by	  closed	  circles	  (low)	  and	  open	  triangles	  (high)	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reference	  point,	  the	  study	  found	  significant	  differences	  in	  child	  language	  outcomes	  for	  
children	  of	  a)	  mothers	  who	  had	  attained	  a	  diploma	  or	  certificate	  and	  b)	  mothers	  who	  had	  
attained	  a	  university	  qualification.	  Though	  the	  greatest	  differences	  were	  observed	  for	  
children	  whose	  mothers	  who	  had	  completed	  university,	  it	  is	  important	  to	  note	  that	  children	  
whose	  mothers	  had	  completed	  a	  trade	  certificate	  or	  diploma	  fared	  also	  better	  than	  those	  
whose	  mothers	  had	  not	  completed	  high	  school.	  Other	  findings	  suggest	  that	  children	  whose	  
mothers	  who	  have	  not	  completed	  high	  school	  are	  at	  increased	  risk	  for	  speech	  delays	  (e.g.	  
Campbell	  et	  al.,	  2003).	  Other	  evidence	  suggests	  that	  among	  mothers	  with	  lower	  education	  
levels	  incremental	  increases	  in	  maternal	  education	  are	  associated	  with	  improved	  child	  
language	  outcomes	  (e.g.	  Betancourt	  et	  al.,	  2015;	  Dollaghan	  et	  al.,	  1999;	  Magnuson	  &	  
Sexton,	  2009).	  
We	  initially	  aimed	  to	  recruit	  mothers	  in	  this	  study	  into	  two	  groups,	  based	  on	  
educational	  attainment:	  a	  higher	  education	  group	  (bachelor	  degree	  or	  higher)	  and	  a	  lower	  
education	  group	  (≤	  12	  years	  of	  school	  or	  less).	  However,	  since	  it	  had	  proven	  difficult	  to	  
recruit	  enough	  mothers	  with	  less	  than	  a	  high	  school	  education,	  we	  adjusted	  the	  criteria	  for	  
the	  lower	  education	  group	  to	  also	  include	  mothers	  who	  had	  completed	  high	  school	  and/or	  
some	  form	  of	  formal	  education	  beyond	  high	  school	  (e.g.	  trade	  certificate,	  diploma	  etc.).	  
Thus,	  if	  we	  also	  take	  into	  account	  that	  some	  mothers	  in	  the	  higher	  education	  group	  had	  
completed	  undergraduate	  degrees	  while	  others	  had	  completed	  postgraduate	  degrees,	  we	  
had	  essentially	  collapsed	  four	  groups	  into	  two.	  We	  wondered	  whether	  grouping	  the	  infants	  
in	  that	  way	  might	  have	  obscured	  meaningful	  differences	  in	  the	  data.	  To	  examine	  that	  
possibility,	  we	  conducted	  more	  fine-­‐grained	  analyses	  in	  which	  we	  separated	  the	  two	  groups	  
into	  four	  groups,	  representing	  four	  levels	  of	  educational	  attainment.	  We	  specified	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educational	  attainment	  levels	  as:	  1.	  ‘less	  than	  high	  school’	  (mother	  had	  completed	  ≤	  12	  
years	  of	  schooling);	  2.	  ‘high	  school’	  (mother	  had	  completed	  high	  school	  and	  possibly	  some	  
additional	  training,	  but	  had	  not	  completed	  a	  university	  degree);	  3.	  ‘degree’(mother	  had	  
completed	  bachelor	  degree);	  and	  4.	  ‘postgrad’	  (mother	  had	  completed	  postgraduate	  
degree)	  .	  Descriptive	  statistics	  for	  the	  four	  maternal	  education	  groups	  are	  provided	  in	  Table	  
8.	  
	  
Table	  8.	  Descriptive	  statistics	  for	  infant	  vocabulary	  scores	  at	  12-­‐15	  months	  and	  19	  months	  
(groups	  represent	  4	  levels	  of	  maternal	  educational	  attainment)	  
OZI	  score	  
1.	  <	  High	  school	  
	  (n	  =	  11)	  
2.	  High	  school	  
	  (n	  =	  13)	  
3.	  Degree	  
	  (n	  =	  16)	  
4.	  Postgrad	  
	  (n	  =	  8,	  
adjusted)2	  
12-­‐15	  months	   	   	   	   	  
Min-­‐Max	  	   3	  –	  10	   0	  –	  32	   0	  –	  31	   5	  –	  33	  
Mean	  (SD)	   6.73	  (2.87)	   14.69	  (8.18)	   10.63	  (7.7)	   19.63	  (11.46)	  
19	  months	   	   	   	   	  
Min-­‐Max	   20	  -­‐	  171	   13	  -­‐	  136	   10	  -­‐	  172	   14	  -­‐	  218	  
Mean	  (SD)	   60.64	  (53.59)	   56.23	  (39.55)	   64.06	  (57.5)	   112.75	  (86.02)	  
2	  Score	  adjusted	  for	  one	  outlier	  (z-­‐score	  >	  3.29)	  at	  12-­‐15	  months.	  	  
	  
	  
OZI	  scores	  for	  the	  four	  groups	  were	  then	  analysed.	  Prior	  to	  analysis,	  the	  newly	  grouped	  data	  
was	  screened	  following	  the	  same	  protocol	  outlined	  in	  Section	  4.4.2.	  Normality	  tests	  
suggested	  some	  departure	  from	  normality	  for	  the	  ‘less	  than	  high	  school’	  group	  at	  both	  ages	  
and	  for	  the	  ‘degree’	  group	  at	  19	  months.	  However,	  all	  skewness	  and	  kurtosis	  values	  were	  
non-­‐significant.	  Group	  sizes	  were	  unequal	  (see	  Table	  8),	  and	  the	  assumption	  of	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homogeneity	  of	  variance	  was	  violated	  at	  12-­‐15	  months	  (p	  =	  .003),	  but	  met	  at	  19	  months.	  
Group	  comparisons	  are	  illustrated	  in	  Figures	  29	  and	  30	  
	  
	  







Entering	  level	  of	  maternal	  education,	  based	  on	  four	  groups	  (reference:	  <	  high	  school),	  as	  a	  
predictor	  in	  a	  linear	  equation	  with	  12-­‐15	  month	  vocabulary	  as	  the	  outcome	  yielded	  a	  
statistically	  significant	  prediction	  model,	  R2	  =	  .24,	  R2adj	  =	  .20,	  F	  (3,	  44)	  =	  4.85,	  p	  =	  .005	  (see	  
Table	  9).	  Relative	  to	  infants	  in	  the	  ‘less	  than	  high	  school’	  group,	  infants	  in	  the	  ‘high	  school’	  
(B	  =	  7.97,	  t	  =	  2.48,	  p	  =	  .017)	  and	  ‘postgrad’	  groups	  (B	  =	  12.9,	  t	  =	  3.55,	  p	  =	  .0009)	  had	  
significantly	  higher	  mean	  vocabulary	  scores.	  	  
Entering	  level	  of	  maternal	  education,	  based	  on	  four	  groups	  (reference:	  <	  high	  school),	  as	  a	  
predictor	  in	  a	  linear	  equation	  with	  19	  month	  vocabulary	  as	  the	  outcome	  did	  not	  yield	  a	  
statistically	  significant	  model,	  R2	  =	  .11,	  R2adj	  =	  .05,	  F	  (3,	  44)	  =	  1.83,	  p	  =	  .16	  (See	  Table	  9).	  The	  
Figure	  30	  Plots	  illustrate	  19m	  vocabulary	  scores	  for	  the	  four	  maternal	  education	  groups	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mean	  score	  for	  the	  ‘postgrad’	  group	  was	  around	  double	  what	  it	  was	  for	  the	  other	  groups.	  
However,	  that	  group	  was	  also	  the	  one	  in	  which	  we	  observed	  the	  widest	  range	  of	  scores	  (see	  
Table	  9	  and	  Figure	  30),	  with	  both	  the	  highest	  score	  (218)	  and	  one	  of	  the	  lowest	  scores	  (14)	  
occurring	  within	  that	  group.	  	  
Table	  9.	  Correlation	  analysis	  of	  vocabulary	  at	  12-­‐15	  months	  and	  19	  months	  with	  respect	  to	  
four	  levels	  of	  maternal	  education	  (reference:	  <	  high	  school)	  
	   12-­‐15	  months	   	   19	  months	  
Reference:	  	  <	  
High	  school	  
B	  (SE)	   t	   p	   	   B	  (SE)	   t	   p	  
High	  school	   7.97	  (2.36)	   2.48	   .017	   	   -­‐4.41	  (23.83)	   -­‐0.19	   .85	  
Degree	   3.9	  (2.11)	   1.27	   .21	   	   3.43	  (22.78)	   .15	   .88	  
Postgrad	   12.90	  (3.64)	   3.55	   .0009	   	   52.11	  (27.03)	   1.93	   .06	  
Model	  R2/R2adj	   .24/.20***	   	   .005	   	   .11/.05	   	   .16	  
	  
4.6.1	  Key	  points	  
•   At	  12-­‐15	  months,	  when	  considered	  in	  relation	  to	  four	  levels	  of	  educational	  
attainment,	  maternal	  education	  accounted	  for	  a	  significant	  20%	  (R2adj)	  of	  the	  
variance	  in	  infants’	  OZI	  scores.	  
•   At	  12-­‐15	  months,	  infants	  in	  the	  ‘high	  school’	  and	  ‘postgrad’	  groups	  had	  significantly	  
higher	  OZI	  scores	  when	  compared	  to	  infants	  in	  the	  ‘less	  than	  high	  school’	  group,	  but	  
infants	  in	  the	  ‘degree’	  group	  did	  not.	  




4.7	  Role	  of	  early	  speech	  input	  
Our	  second	  research	  question	  asked	  ‘to	  what	  extent	  does	  the	  quantity	  of	  infants’	  linguistic	  
experience	  mediate	  any	  observed	  associations	  between	  maternal	  education	  and	  expressive	  
vocabulary	  in	  the	  second	  year	  of	  life?’	  Addressing	  that	  question	  involved	  two	  steps.	  The	  first	  
step	  was	  to	  use	  lagged	  correlations	  to	  assess	  associations	  between	  infants’	  vocabulary	  size	  
and	  the	  earlier	  LENA	  counts	  involving	  adult	  input.	  Specifically,	  we	  assessed	  a)	  6	  -­‐	  9	  month	  
adult	  word	  counts	  and	  conversational	  turn	  counts	  as	  predictors	  of	  infants’	  OZI	  scores	  at	  12	  -­‐	  
15	  months,	  b)	  12	  -­‐15	  month	  adult	  word	  counts	  and	  conversational	  turn	  counts	  as	  predictors	  
of	  19	  month	  OZI	  scores,	  and	  c)	  6	  -­‐	  9	  month	  adult	  word	  counts	  and	  conversational	  turn	  
counts	  as	  predictors	  of	  OZI	  scores	  at	  19	  months.	  The	  second	  step	  was	  to	  carry	  out	  multiple	  
regression	  analyses	  to	  determine	  how	  much	  of	  the	  variance	  in	  infants’	  OZI	  scores	  was	  
attributable	  to	  maternal	  education	  after	  the	  LENA	  counts	  were	  added	  to	  the	  prediction	  
models.	  The	  results	  of	  each	  set	  of	  analyses	  are	  presented	  here	  in	  turn.	  
4.7.1	  Speech	  input	  at	  6-­‐‑	  9	  months	  as	  predictors	  of	  vocabulary	  at	  12	  to	  15	  months	  	  
In	  separate	  simple	  linear	  equations,	  we	  entered	  12	  –	  15	  month	  OZI	  scores	  as	  the	  outcome,	  
and	  the	  LENA	  adult	  word	  count	  and	  conversational	  turn	  count	  at	  6-­‐9	  months	  as	  predictors.	  
Daily	  adult	  word	  count	  at	  6-­‐9	  months	  of	  age	  was	  not	  a	  significant	  predictor	  of	  infant	  
vocabulary	  at	  12-­‐15	  months	  of	  age,	  accounting	  for	  6	  percent	  of	  variance	  in	  OZI	  scores,	  R2	  =	  
.06,	  F	  (1,	  46)	  =	  2.67,	  p	  =	  .11	  (see	  Figure	  31).	  However,	  the	  quantity	  of	  conversational	  turns	  
occurring	  daily	  between	  adults	  and	  infants	  accounted	  for	  a	  small	  but	  significant	  proportion	  




Figure	  31	  Scatterplot	  shows	  12-­‐15	  month	  vocabulary	  scores	  as	  predicted	  by	  Adult	  Word	  Count	  at	  6-­‐9	  months.	  









4.7.2	  Speech	  input	  at	  12	  -­‐‑	  15	  months	  as	  predictors	  of	  Vocabulary	  at	  19	  months	  	  
With	  19	  month	  OZI	  scores	  as	  the	  outcome,	  we	  entered	  12-­‐15	  month	  adult	  word	  count	  and	  
conversational	  turn	  count	  as	  predictors	  in	  separate	  equations.	  Conversational	  turn	  count	  at	  
12	  –	  15	  months	  was	  a	  significant	  predictor	  of	  vocabulary	  at	  19	  months,	  accounting	  for	  27	  
percent	  [R2	  =	  .27,	  F	  (1,	  45)	  =	  16.65,	  p	  =	  .0002]	  of	  the	  variance	  in	  OZI	  scores	  (see	  Figure	  33).	  	  
Adult	  word	  count	  at	  12	  –	  15	  months	  was	  not	  a	  good	  predictor	  of	  vocabulary,	  still	  accounting	  
for	  only	  6	  percent	  of	  the	  variance	  in	  19	  m	  OZI	  scores,	  R2	  =	  .06,	  F	  (1,	  45)	  =	  2.81,	  p	  =	  .1	  (see	  
Figure	  34).
	  
Figure	  32	  Scatterplot	  shows	  12-­‐15	  month	  vocabulary	  scores	  as	  predicted	  by	  Conversational	  Turn	  Count	  at	  6-­‐9	  





Figure	  33	  Scatterplot	  shows	  19	  month	  vocabulary	  scores	  as	  predicted	  by	  Conversational	  Turn	  Count	  at	  12-­‐15	  





4.7.3	  Speech	  input	  at	  6-­‐‑	  9	  months	  as	  predictors	  of	  Vocabulary	  at	  19	  months	  	  
We	  then	  entered	  19	  month	  OZI	  scores	  as	  the	  outcome	  with	  6-­‐9	  month	  adult	  word	  count	  and	  
conversational	  turn	  count	  as	  predictors	  in	  separate	  equations.	  Daily	  adult	  word	  count	  at	  6-­‐9	  
months	  was	  not	  a	  significant	  predictor	  of	  infant	  vocabulary	  at	  19	  months,	  accounting	  for	  6	  
percent	  of	  variance	  in	  OZI	  scores,	  R2	  =	  .06,	  F	  (1,	  46)	  =	  2.76,	  p	  =	  .1	  (see	  Figure	  35).	  However,	  
conversational	  turn	  count	  at	  6-­‐9	  months	  was	  a	  significant	  predictor	  of	  infant	  vocabulary	  at	  
19	  months,	  accounting	  for	  11	  percent	  of	  variance	  in	  OZI	  scores,	  R2	  =	  .11,	  F	  (1,	  46)	  =	  5.75,	  p	  =	  
.021	  (see	  Figure	  36).
	  
Figure	  34	  Scatterplot	  shows	  19	  month	  vocabulary	  scores	  as	  predicted	  by	  Adult	  Word	  Count	  at	  12-­‐15	  months.	  






Figure	  35	  Scatterplot	  shows	  19	  month	  vocabulary	  scores	  as	  predicted	  by	  Adult	  Word	  Count	  at	  6-­‐9	  months.	  Our	  






4.7.4	  Conversational	  interaction	  as	  a	  mediator	  
As	  the	  previous	  sections	  show,	  adult	  word	  count	  on	  its	  own	  was	  not	  a	  good	  predictor	  of	  
infants’	  vocabulary	  at	  either	  age,	  so	  we	  did	  not	  include	  it	  in	  further	  analyses.	  This	  section	  
reports	  the	  results	  of	  multiple	  regression	  analyses	  to	  assess	  the	  amount	  of	  variance	  in	  
infants’	  OZI	  scores	  attributable	  to	  maternal	  education	  after	  earlier	  conversational	  turn	  
counts	  were	  added	  to	  the	  prediction	  models.	  	  
Model	  A	  (Table	  10)	  shows	  the	  initial	  regression	  model	  from	  Section	  4.6,	  with	  
maternal	  education	  level	  entered	  as	  the	  only	  predictor	  of	  vocabulary	  at	  12-­‐15	  months.	  As	  
Model	  B	  (Table	  10)	  shows,	  	  adding	  conversational	  turns	  at	  6-­‐9	  months	  as	  a	  predictor	  in	  the	  
Figure	  36	  Scatterplot	  shows	  19	  month	  vocabulary	  scores	  as	  predicted	  by	  Conversational	  Turn	  Count	  at	  6-­‐9	  
months.	  Our	  two	  groups	  are	  indicated	  by	  closed	  circles	  (low)	  and	  open	  triangles	  (high).	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regression	  equation	  improves	  the	  overall	  predictive	  value	  of	  the	  model	  ,	  	  R2	  =	  .32,	  R2adj	  =	  .26,	  
F	  (4,	  43)	  =	  5.09,	  p	  =	  .002.	  Conversational	  turns	  accounted	  for	  a	  further	  6%	  of	  the	  variance	  in	  
OZI	  scores	  (B	  =	  .02,	  t	  =	  2.15,	  p	  =	  .04),	  and	  coefficients	  for	  maternal	  education,	  at	  the	  high	  
school	  and	  postgrad	  level,	  remained	  significant.	  	  
	  
Table	  10.	  Regression	  Models	  Using	  Maternal	  Educational	  Level	  and	  6	  -­‐9	  month	  
Conversational	  Turns	  to	  Predict	  Expressive	  Vocabulary	  Scores	  at	  12-­‐15	  months	  
	   OZI	  (12-­‐15	  months;	  unstandardised	  B)	  
	  
Model	  A	  
Education	  Level	  	  
Model	  B	  	  
Education	  level	  +	  	  
Conversational	  Turns	  (6-­‐9	  m)	  
Reference:	  	  <	  High	  school	   B	  (SE)	   B	  (SE)	  
High	  school	   7.97	  (3.21)*	   7.61(3.09)*	  
Degree	   3.90	  (3.07)	   1.71	  (3.12)	  
Postgrad	   12.90	  (3.64)***	   11.39	  (3.56)**	  
Conversational	  Turns	  (6-­‐9m)	   	   .02	  (.009)*	  
R2/R2adj	   	   .25/.20**	   .32/.26**	  
*p	  <	  .05,	  **p	  <	  .01,	  ***p	  <.001.	  
	  
	  
Table	  11	  shows	  two	  regression	  models	  for	  19	  month	  vocabulary	  scores,	  Model	  1	  being	  the	  
original	  regression	  model	  from	  Section	  4.6.	  As	  Table	  11	  shows,	  including	  conversational	  
turns	  at	  12-­‐15	  months	  in	  Model	  2	  added	  significantly	  to	  the	  overall	  predictive	  value	  of	  the	  
model,	  	  R2	  =	  .32,	  R2adj	  =	  .25,	  F	  (4,	  42)	  =	  4.88,	  p	  =	  .003.	  In	  Model	  2,	  conversational	  turns	  
accounted	  for	  a	  further	  20%	  of	  the	  variance	  explained,	  and	  they	  were	  the	  only	  significant	  




Table	  11.	  Regression	  Models	  Using	  Maternal	  Educational	  Level	  and	  12-­‐15	  month	  
Conversational	  Turns	  to	  Predict	  Expressive	  Vocabulary	  Scores	  at	  19	  months	  




Model	  2	  	  
Education	  level	  	  
+	  Conversational	  Turns	  (12-­‐15m)	  
Reference:	  	  <	  High	  school	   B	  (SE)	   B	  (SE)	  
High	  school	   -­‐4.41	  (23.83)	   -­‐6.63	  (21.76)	  
Degree	   3.43	  (22.78)	   -­‐15.44	  (21.08)	  
Postgrad	   52.11	  (27.03)	   22.73	  (25.56)	  
Conversational	  Turns	  (12-­‐15m)	   	   .16	  (.05)***	  
R2/R2adj	   	   .11/.05	   .32/.25**	  
*p	  <	  .05,	  **p	  <	  .01,	  ***p	  <.001.	  
	  
4.7.5	  Earlier	  vocabulary	  
We	  also	  assessed	  the	  proportion	  of	  variance	  in	  infants’	  19	  month	  vocabulary	  scores	  that	  
could	  be	  accounted	  for	  by	  conversational	  turn	  counts	  at	  12-­‐15	  months,	  after	  we	  controlled	  
for	  vocabulary	  scores	  at	  the	  same	  age.	  To	  do	  so,	  we	  tested	  two	  further	  prediction	  models.	  In	  
the	  first	  model,	  we	  entered	  12-­‐15	  month	  OZI	  scores	  as	  a	  single	  predictor	  of	  19	  month	  OZI	  
scores	  and	  found	  that	  the	  earlier	  OZI	  scores	  predicted	  43	  percent	  of	  the	  variance	  in	  19	  
month	  vocabulary,	  R2	  =	  .43,	  R2adj	  =	  .41,	  F	  (1,	  46)	  =	  33.94,	  p	  <	  .00001.	  In	  the	  second	  model,	  we	  
included	  12-­‐15	  month	  conversational	  turn	  count	  as	  an	  additional	  predictor.	  When	  we	  added	  
conversation	  turns	  to	  the	  model,	  OZI	  scores	  at	  12-­‐15	  months	  (B	  =	  3.86,	  t	  =	  4.75,	  p	  <	  .001)	  
and	  conversational	  turns	  (B	  =	  .09,	  t	  =	  2.35,	  p	  <	  .05)	  at	  12-­‐15	  months	  were	  both	  significant	  
predictors,	  and	  the	  model	  accounted	  for	  a	  further	  9%	  of	  the	  variance	  in	  19	  month	  OZI	  
scores,	  R2	  =	  .52,	  R2adj	  =	  .50,	  F	  (2,	  44)	  =	  23.62,	  p	  <	  .00001.	  Thus,	  even	  when	  controlling	  for	  
earlier	  vocabulary	  scores,	  conversational	  turns	  still	  accounted	  for	  a	  unique	  proportion	  of	  the	  
variance	  in	  later	  vocabulary	  scores.	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4.7.6	  Key	  points	  
•   Conversational	  turn	  counts	  at	  6-­‐9	  months	  predicted	  a	  significant	  8-­‐11%	  of	  the	  
variance	  in	  infants’	  later	  OZI	  scores	  
•   Conversational	  turn	  counts	  at	  12-­‐15	  months	  predicted	  27%	  of	  the	  variance	  in	  infants’	  
19	  month	  OZI	  scores.	  
•   Conversational	  turns	  at	  6-­‐9	  months	  partially	  mediated	  the	  association	  between	  
maternal	  education	  level	  and	  OZI	  scores	  at	  12-­‐15	  months.	  
•   When	  12-­‐15	  month	  vocabulary	  was	  controlled	  for,	  conversational	  turns	  at	  that	  age	  
still	  accounted	  for	  a	  significant	  proportion	  of	  variance	  in	  infants’	  19	  month	  OZI	  
scores.	  
•   Earlier	  adult	  word	  counts	  were	  not	  a	  good	  predictor	  of	  infants’	  OZI	  scores	  at	  12-­‐15	  
months	  or	  19	  months	  
4.8	  Supplementary	  analyses:	  Sex	  differences	  	  
A	  number	  of	  studies	  have	  reported	  sex	  differences	  in	  	  vocabulary	  through	  the	  second	  year	  
of	  life	  (e.g.	  Bauer,	  Goldfield,	  &	  Reznick,	  2002;	  Berglund,	  Eriksson,	  &	  Westerlund,	  2005;	  M	  
Bornstein	  et	  al.,	  1998;	  Fenson	  et	  al.,	  1994;	  Huttenlocher	  et	  al.,	  1991;	  Kalashnikova	  et	  al.,	  
2016;	  Reilly	  et	  al.,	  2007),	  with	  the	  lexical	  development	  of	  females	  outpacing	  that	  of	  males.	  
So,	  as	  we	  did	  with	  the	  speech	  data	  in	  Chapter	  3,	  we	  carried	  out	  some	  additional	  analyses	  to	  
check	  for	  potential	  effects	  of	  infant	  sex.	  Group	  comparisons	  between	  males	  and	  females	  at	  
the	  two	  ages	  are	  illustrated	  in	  Figures	  37	  and	  38.	  Note:	  Regression	  analyses	  reported	  in	  this	  











At	  12	  –	  15	  months	  there	  was	  no	  significant	  group	  difference	  in	  vocabulary	  scores	  
between	  males	  (M	  =	  11.4,	  SD	  =	  8.07)	  and	  females	  (M	  =	  13.4,	  SD	  =	  9.47),	  t(43.44)	  =	  0.73,	  p	  =	  
.44,	  95%	  CI	  [-­‐3.2,	  7.1].	  At	  that	  age,	  sex	  accounted	  for	  less	  than	  2%	  of	  the	  variance	  in	  12-­‐15	  m	  
vocabulary,	  R2	  =	  .013,	  F	  (1,	  46)	  =	  0.59,	  p	  =	  .45.	  At	  19	  months,	  mean	  vocabulary	  scores	  for	  
females	  (M	  =	  91.18,	  SD	  =	  70.04)	  were	  significantly	  higher	  than	  for	  males	  (M	  =	  49.1,	  SD	  =	  
39.98),	  a	  mean	  difference	  of	  42	  words,	  t(34.33)	  =	  2.53,	  p	  =	  .016,	  95%	  CI	  [	  8.23,	  75.88].	  In	  a	  
simple	  linear	  analysis,	  sex	  accounted	  for	  13%	  of	  the	  variance	  in	  vocabulary	  scores	  in	  our	  
sample	  at	  19	  months,	  R2	  =	  .13,	  R2adj	  =	  .11,	  F	  (1,	  46)	  =	  6.66,	  p	  =	  .013.	  	  
To	  assess	  the	  effect	  of	  sex	  on	  the	  regression	  model	  for	  maternal	  education	  at	  19	  
months	  (R2	  =	  .11,	  R2adj	  =	  .05,	  F	  (3,	  44)	  =	  1.83,	  p	  =	  .16;	  Model	  2	  in	  Table	  12)	  we	  conducted	  
Figure	  38	  Plots	  illustrate	  19	  month	  vocabulary	  scores	  for	  females	  (left)	  and	  males	  (right	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additional	  analyses.	  As	  Model	  3	  (Table	  12)	  shows,	  adding	  sex	  as	  a	  predictor	  in	  the	  regression	  
equation	  added	  substantially	  to	  the	  prediction	  model	  at	  19	  months,	  R2	  =	  .23,	  R2adj	  =	  .16,	  F	  (4,	  
43)	  =	  3.25,	  p	  =	  .02.	  The	  trend	  towards	  higher	  scores	  for	  infants	  in	  the	  ‘postgrad’	  group,	  
compared	  to	  the	  <high	  school	  group,	  persisted	  (B	  =	  50.19,	  t	  =	  19.7,	  p	  =	  .058),	  and	  being	  male	  
was	  a	  significant	  predictor	  of	  lower	  vocabulary	  scores	  (B	  =	  -­‐	  42.43,	  t	  =	  1.93,	  p	  =	  .01).	  
A	  visual	  inspection	  of	  the	  19	  month	  vocabulary	  data	  (see	  Figure	  39)	  indicated	  some	  
distinct	  separation	  between	  males	  and	  females	  in	  the	  postgrad	  group	  that	  did	  not	  appear	  to	  
be	  present	  in	  the	  other	  groups.	  So,	  to	  examine	  the	  data	  more	  thoroughly,	  we	  re-­‐ran	  the	  
analysis,	  this	  time	  including	  an	  interaction	  term	  for	  education	  level	  x	  sex.	  Model	  4	  in	  Table	  
10	  shows	  a	  substantial	  increase	  in	  the	  amount	  of	  variance	  accounted	  for	  (R2	  =	  .40	  R2adj	  =	  .30,	  
F	  (7,	  40)	  =	  3.85,	  p	  =	  .003).	  There	  was	  no	  main	  effect	  of	  sex	  in	  the	  model.	  However,	  there	  was	  
a	  significant	  main	  effect	  of	  maternal	  education	  at	  the	  postgrad	  level	  (B	  =	  124.4,	  t	  =	  3.71,	  p	  =	  
.0006),	  and	  a	  significant	  education	  level	  x	  sex	  interaction,	  also	  at	  the	  ‘postgrad’	  level	  (B	  =	  -­‐






Although	  it	  was	  not	  surprising	  to	  observe	  sex	  differences	  in	  terms	  of	  the	  size	  of	  
infants’	  vocabulary	  at	  this	  age,	  the	  education	  x	  sex	  interaction	  was	  an	  unexpected	  result.	  	  
Since	  we	  had	  observed	  some	  sex	  differences	  in	  conversational	  turn	  counts	  at	  12-­‐15	  months	  
(see	  Chapter	  3,	  Section	  3.6.5),	  wherein	  counts	  were	  higher	  for	  females,	  we	  wondered	  
whether	  those	  differences	  might	  help	  to	  explain	  the	  education	  x	  sex	  interaction.	  So,	  as	  a	  
final	  step	  in	  this	  set	  of	  analyses,	  we	  re-­‐ran	  the	  earlier	  analysis	  in	  which	  we	  had	  included	  the	  
interaction	  term	  for	  education	  level	  x	  sex	  and	  conversational	  turns	  as	  predictors	  (Model	  4,	  
Table	  12),	  this	  time	  including	  12-­‐15	  month	  conversational	  turns	  as	  a	  predictor.	  As	  Model	  5	  
(Table	  12)	  shows,	  the	  inclusion	  of	  conversational	  turns	  added	  to	  the	  overall	  predictive	  value	  
of	  the	  model,	  R2	  =	  .49,	  R2adj	  =	  .38,	  F	  (8,	  38)	  =	  5.02,	  p	  =	  .001.	  After	  conversational	  turn	  count	  at	  
12-­‐15	  months	  was	  added	  in	  Model	  5,	  the	  interaction	  between	  education	  level	  x	  sex	  
Figure	  39	  Scatterplot	  illustrates	  individual	  19	  month	  vocabulary	  scores	  for	  males	  (triangles)	  and	  females	  
(circles)	  in	  each	  education	  group.	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remained	  significant	  (B	  =	  113.56,	  t	  =	  -­‐2.49,	  p	  =	  .02),	  and	  conversational	  turns	  at	  12-­‐15	  
months	  were	  also	  a	  significant	  predictor	  of	  OZI	  scores	  (B	  =	  .12,	  t	  =	  2.57,	  p	  =	  .01).	  
Table	  12.	  A	  series	  of	  Regression	  Models	  Using	  Maternal	  Educational	  Level,	  12-­‐15	  month	  
Conversational	  Turns,	  and	  Infants’	  Sex	  to	  Predict	  Expressive	  Vocabulary	  Scores	  at	  19	  months.	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•   OZI	  scores	  were	  significantly	  higher	  for	  females	  than	  males	  at	  19	  months	  
•   There	  was	  a	  significant	  interaction	  between	  maternal	  education	  level	  and	  sex	  at	  19	  
months.	  
4.9	  Comparison	  to	  OZI	  normative	  data	  	  
So	  how	  do	  the	  infants	  in	  our	  study	  compare	  to	  other	  infants?	  Table	  13	  provides	  percentile	  
scores	  for	  this	  sample	  of	  infants	  alongside	  the	  OZI	  normative	  data	  (Kalashnikova	  et	  al.,	  
2016).	  The	  OZI	  normative	  data	  provides	  percentile	  scores	  separately	  for	  males	  and	  females,	  
so	  to	  facilitate	  comparison	  with	  those	  norms,	  the	  same	  is	  done	  here.	  	  For	  12-­‐15	  month	  data,	  
comparisons	  are	  based	  on	  the	  mean	  age	  of	  our	  sample	  (14.4	  months),	  thus	  our	  data	  are	  
compared	  with	  OZI	  14-­‐month	  data.	  As	  Table	  13	  shows,	  compared	  to	  infants	  in	  the	  
normative	  study,	  at	  both	  ages	  mean	  scores	  for	  infants	  in	  our	  study	  were	  lower	  across	  most	  
percentile	  ranges,	  especially	  across	  the	  upper	  percentiles.	  	  This	  was	  particularly	  apparent	  for	  
males	  in	  our	  sample	  at	  19	  months,	  whose	  scores	  at	  the	  50th,	  75th	  and	  90th	  percentile	  were	  at	  
most	  half	  that	  of	  the	  estimates	  for	  19	  month	  old	  males	  provided	  in	  the	  normative	  data.	  
Indeed,	  at	  19	  months,	  scores	  for	  males	  in	  our	  sample	  were	  roughly	  comparable	  with	  the	  17-­‐
month-­‐olds	  in	  the	  normative	  study	  (see	  Kalashnikova	  et	  al.,	  2016).	  Although	  scores	  for	  
female	  infants	  in	  our	  sample	  were	  also	  below	  the	  19	  month	  norms	  for	  females,	  their	  scores	  
showed	  wider	  variation	  and	  were	  not	  as	  consistently	  far	  below	  the	  norms	  as	  were	  the	  
males’	  scores.	  The	  reasons	  for	  this	  apparent	  disparity	  are	  unclear.	  However,	  there	  are	  some	  
points	  of	  demographic	  difference	  between	  the	  OZI	  sample	  and	  our	  sample	  that	  should	  be	  
considered	  when	  interpreting	  the	  discrepancy.	  
The	  OZI	  study	  did	  not	  make	  a	  specific	  effort	  to	  include	  families	  from	  lower	  SES	  
backgrounds,	  and	  SES	  was	  not	  a	  key	  variable	  of	  interest.	  Thus,	  though	  they	  provide	  some	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information	  regarding	  SES	  in	  the	  sample,	  it	  is	  not	  specific	  enough	  to	  allow	  for	  direct	  
comparison	  with	  our	  sample	  of	  infants.	  However,	  we	  do	  know	  that	  families	  in	  the	  study	  
lived	  in	  Sydney	  or	  Greater	  Western	  Sydney,	  and	  were	  mainly	  from	  middle	  and	  upper	  middle	  
class	  backgrounds.	  Thus,	  the	  authors	  recommend	  the	  norms	  be	  applied	  with	  caution	  to	  
different	  demographic	  samples.	  	  Some	  of	  the	  families	  in	  our	  study	  were	  recruited	  via	  the	  
same	  database	  of	  families	  used	  in	  the	  OZI	  normative	  study.	  However,	  in	  contrast	  to	  the	  OZI	  
study,	  we	  made	  a	  specific	  effort	  to	  include	  families	  from	  lower	  SES	  backgrounds,	  most	  of	  
whom	  were	  recruited	  via	  flyers	  distributed	  through	  playgroups	  and	  other	  community	  
groups,	  community	  noticeboards,	  libraries,	  and	  social	  media.	  We	  also	  recruited	  only	  families	  
who	  lived	  in	  Greater	  Western	  Sydney,	  a	  region	  that	  includes	  some	  of	  the	  least	  advantaged	  
areas	  in	  Greater	  Sydney	  (Australian	  Bureau	  of	  Statistics,	  n.d.).	  Were	  direct	  comparisons	  
between	  the	  two	  samples	  possible,	  it	  is	  plausible	  to	  speculate	  that	  differences	  between	  our	  
sample	  and	  infants	  in	  the	  normative	  study	  could	  represent	  demographic	  differences.	  
Table	  13.	  Estimated	  productive	  vocabulary	  scores	  at	  12-­‐15	  and	  19	  months	  for	  male	  and	  
female	  infants	  in	  the	  current	  study	  compared	  to	  infants	  in	  the	  OZI	  normative	  study.	  
	   12-­‐15	  months	  (Mage	  =	  14.4)	   	   19	  months	  (Mage	  =	  19.0)	  





















90th	   20	   33	   	   29	   61	   	   101	   219	   	   186	   276	  
75th	   15	   17	   	   20	   27	   	   65	   130	   	   164	   180	  
50th	   9	   13	   	   10	   15	   	   30	   69	   	   68	   100	  
25th	   6	   11	   	   8	   7	   	   23	   35	   	   29	   46	  






Our	  first	  research	  question	  asked	  whether	  variation	  in	  children’s	  expressive	  vocabulary	  at	  
12	  -­‐	  15	  months	  and	  19	  months	  was	  related	  to	  maternal	  education.	  	  Most	  of	  the	  evidence	  to	  
date	  suggests	  that	  SES-­‐related	  differences	  in	  trajectories	  of	  word	  production	  do	  not	  become	  
evident	  until	  later	  in	  the	  second	  year	  of	  life	  (e.g.	  Hupp	  et	  al.,	  2011;	  Noble	  et	  al.,	  2015).	  That	  
being	  the	  case,	  we	  predicted	  higher	  vocabulary	  scores	  for	  infants	  of	  more	  educated	  mothers	  
at	  19	  months,	  but	  we	  had	  no	  strong	  expectations	  of	  clear	  differences	  at	  12-­‐15	  months.	  	  At	  
that	  earlier	  age,	  we	  thought	  a	  trend	  in	  the	  predicted	  direction	  was	  a	  more	  likely	  finding.	  
Nevertheless,	  we	  were	  interested	  to	  compare	  data	  for	  this	  group	  of	  infants	  with	  what	  had	  
been	  reported	  previously.	  	  
When	  we	  analysed	  expressive	  vocabulary	  scores	  based	  on	  two	  maternal	  education	  
groups	  (higher	  =	  bachelor	  degree	  or	  higher,	  lower	  =	  less	  than	  a	  bachelor	  degree)	  we	  found	  
no	  significant	  differences	  between	  the	  two	  groups	  of	  infants,	  at	  12	  -­‐	  15	  or	  19	  months.	  At	  12-­‐
15	  months,	  years	  spent	  in	  formal	  education	  settings	  accounted	  for	  8%	  of	  the	  variance	  in	  12-­‐
15	  month	  OZI	  scores	  (p	  =	  .058),	  and	  at	  19	  months	  years	  of	  education	  accounted	  for	  only	  4%	  
of	  the	  variance	  in	  our	  sample	  (p	  >	  .1).	  Based	  on	  previous	  work	  (e.g.	  Campbell	  et	  al.,	  2003;	  
Ching,	  Dillon,	  Marnane,	  Hou,	  et	  al.,	  2013),	  we	  then	  considered	  maternal	  education	  in	  
narrower	  strata.	  When	  we	  did	  that,	  more	  subtle	  differences	  became	  evident	  in	  the	  data.	  
That	  is,	  when	  we	  specified	  four	  maternal	  education	  groups	  [(1)	  <	  high	  school,	  (2)	  high	  school	  
graduate	  ,	  (3)	  bachelor	  degree	  and	  (4)	  postgraduate	  degree]	  instead	  of	  two,	  we	  saw	  that	  
education	  level	  accounted	  for	  20%	  of	  the	  variance	  in	  OZI	  scores	  at	  12-­‐15	  months	  (p	  <	  .001).	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We	  also	  saw	  some	  interesting	  patterns	  of	  difference	  between	  the	  groups	  at	  12-­‐15	  
months.	  Specifically,	  mean	  vocabulary	  scores	  for	  infants	  whose	  mothers	  had	  either	  a)	  
completed	  high	  school	  or	  b)	  completed	  a	  postgraduate	  degree	  were	  significantly	  higher	  
when	  compared	  to	  infants	  whose	  mothers	  had	  not	  completed	  high	  school.	  However,	  mean	  
vocabulary	  scores	  for	  infants	  whose	  mothers	  had	  completed	  a	  bachelor	  degree	  did	  not	  
differ	  significantly	  from	  infants	  whose	  mothers	  had	  not	  completed	  high	  school.	  We	  did	  not	  
perform	  statistical	  comparisons	  between	  the	  ‘high	  school’	  and	  ‘degree’	  groups,	  or	  between	  
the	  ‘degree’	  and	  ‘postgrad’	  groups.	  However,	  a	  visual	  inspection	  of	  the	  data	  (refer	  to	  Table	  8	  
and	  Figure	  29,	  Section	  4.6)	  suggested	  a	  trend	  in	  which	  infants	  in	  the	  ‘degree’	  group	  had	  on	  
average	  acquired	  fewer	  words	  than	  infants	  in	  either	  the	  ‘high	  school’	  or	  ‘postgrad’	  groups.	  	  
This	  was	  somewhat	  surprising,	  and	  no	  clear	  explanation	  for	  it	  emerged	  in	  our	  analyses.	  
Perhaps	  our	  examination	  of	  other	  variables	  (to	  follow	  in	  Chapter	  5)	  may	  provide	  some	  
answers.	  	  
Based	  on	  the	  existing	  literature	  regarding	  the	  emergence	  of	  SES	  differences,	  we	  
expected	  that	  any	  observed	  differences	  in	  infants’	  word	  production	  related	  to	  maternal	  
education	  would	  likely	  become	  more	  obvious	  as	  the	  infants	  matured.	  Contrary	  to	  our	  
expectations,	  any	  significant	  patterns	  we	  observed	  at	  12-­‐15	  months	  in	  relation	  to	  maternal	  
education	  were	  not	  significant	  at	  19	  months.	  Even	  though	  vocabulary	  scores	  for	  infants	  in	  
the	  postgrad	  group	  were,	  on	  average,	  twice	  as	  high	  as	  they	  were	  for	  infants	  in	  the	  other	  
three	  groups	  at	  19	  months,	  scores	  within	  the	  postgrad	  group	  also	  exhibited	  the	  widest	  
variation.	  In	  subsequent	  analyses	  examining	  sex	  differences	  in	  infants’	  vocabulary	  size,	  it	  
became	  apparent	  that	  the	  wide	  variation	  within	  the	  postgrad	  group	  was	  related	  to	  an	  
unexpected	  statistically	  significant	  interaction	  between	  maternal	  education	  level	  and	  sex.	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Taken	  together,	  our	  data	  provide	  partial	  support	  for	  our	  first	  hypothesis,	  although	  not	  in	  the	  
manner	  we	  were	  expecting.	  	  
Our	  second	  research	  question	  concerned	  the	  extent	  to	  which	  the	  quantity	  of	  infants’	  earlier	  
linguistic	  experience	  may	  mediate	  any	  observed	  associations	  between	  maternal	  education	  
and	  expressive	  vocabulary	  in	  the	  second	  year	  of	  life.	  In	  the	  initial	  steps	  we	  took	  to	  address	  
that	  question,	  we	  found	  that	  conversational	  turn	  counts,	  but	  not	  adult	  word	  counts,	  were	  
significant	  predictors	  of	  later	  child	  vocabulary	  size.	  Specifically,	  conversational	  turns	  at	  6-­‐9	  
months	  accounted	  for	  8%	  of	  the	  variance	  in	  12-­‐15	  month	  OZI	  scores	  (p	  <	  .05)	  and	  11%	  of	  the	  
variance	  at	  19	  months	  (p	  <	  .05),	  and	  27%	  of	  the	  variance	  in	  OZI	  scores	  at	  19	  months	  could	  be	  
accounted	  for	  by	  conversational	  turns	  at	  12-­‐15	  months	  (p	  <	  .001).	  When	  we	  added	  
conversational	  turns	  to	  education	  level	  (4	  groups)	  as	  a	  predictor	  of	  later	  OZI	  scores	  in	  
regression	  models,	  we	  saw	  that	  while	  conversational	  turns	  added	  significantly	  to	  the	  
regression	  model,	  coefficients	  for	  maternal	  education	  reduced	  only	  slightly	  and	  remained	  
significant.	  Thus,	  the	  quantity	  of	  conversational	  interaction	  infants	  were	  engaged	  in	  
appeared	  to	  partially	  mediate	  the	  relationship	  between	  maternal	  education	  and	  children’s	  
expressive	  vocabulary	  at	  12-­‐15	  months.	  	  	  
We	  did	  not	  find	  a	  direct	  overall	  association	  between	  maternal	  education	  and	  infant	  
vocabulary	  at	  19	  months.	  However,	  the	  significant	  associations	  we	  found	  between	  
conversational	  turns	  at	  both	  ages	  and	  19	  month	  vocabulary	  scores,	  coupled	  with	  the	  
significant	  associations	  between	  maternal	  education	  and	  conversational	  turns	  at	  both	  ages	  
reported	  in	  Chapter	  3,	  provide	  support	  for	  an	  indirect	  association.	  We	  also	  found	  that,	  even	  
when	  controlling	  for	  infants’12-­‐15	  month	  vocabulary	  scores,	  12-­‐15	  month	  conversational	  
turns	  accounted	  for	  a	  statistically	  significant	  9%	  of	  the	  variance	  in	  19	  month	  OZI	  scores.	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Thus,	  though	  our	  data	  are	  correlational,	  our	  evidence	  suggests	  conversational	  interaction	  
and	  a	  child’s	  own	  earlier	  language	  ability	  may	  make	  separate	  contributions	  to	  subsequent	  
lexical	  development.	  	  	  
Our	  supplementary	  analyses	  revealed	  some	  interesting	  findings	  regarding	  sex	  
differences.	  While	  it	  is	  not	  unusual	  to	  see	  more	  advanced	  lexical	  development	  in	  females	  
compared	  to	  males	  during	  the	  second	  year	  of	  life	  (e.g.	  Bornstein	  et	  al.,	  1998;	  Huttenlocher	  
et	  al.,	  1991;	  Kalashnikova	  et	  al.,	  2016),	  the	  education	  by	  sex	  interaction	  we	  saw	  was	  
unexpected.	  We	  thought	  that	  perhaps	  earlier	  conversational	  turn	  counts,	  which	  tended	  to	  
be	  higher	  for	  females	  than	  males,	  might	  help	  to	  explain	  the	  interaction,	  but	  they	  did	  not.	  No	  
obvious	  reason	  for	  the	  finding	  emerged	  from	  the	  data.	  There	  is	  evidence	  to	  suggest	  that	  up	  
until	  around	  20	  months	  sex	  differences	  in	  vocabulary	  growth	  may	  operate	  independently	  of	  
exposure,	  after	  which	  time	  environmental	  variation	  may	  start	  to	  become	  more	  influential	  
for	  child	  language	  acquisition	  than	  genetic	  contributions	  (Huttenlocher	  et	  al.,	  1991;	  Reznick,	  
Corley,	  Robinson,	  &	  Matheny,	  1997).	  If	  that	  were	  true,	  had	  we	  measured	  vocabulary	  when	  
the	  infants	  were	  several	  months	  older	  we	  may	  have	  seen	  different	  results.	  A	  follow	  up	  study	  
of	  the	  same	  sample	  of	  infants	  could	  test	  that	  possibility.	  
Conclusions	  	  
When	  considered	  together,	  this	  longitudinal	  evidence	  provides	  some	  support	  for	  an	  indirect	  
association	  between	  maternal	  education	  and	  early	  lexical	  development,	  via	  the	  quantity	  of	  
infants’	  conversational	  exchanges	  with	  caregivers.	  Our	  data	  also	  suggests	  the	  association	  
may	  be	  moderated	  by	  sex	  differences,	  at	  least	  in	  the	  second	  year	  of	  life.	  Importantly,	  our	  
evidence	  suggests	  it	  is	  not	  simply	  how	  much	  linguistic	  input	  infants	  receive	  in	  daily	  life,	  but	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rather	  how	  much	  of	  it	  is	  provided	  through	  conversational	  interaction,	  that	  helps	  to	  facilitate	  
their	  lexical	  development.	  	  
In	  the	  next	  chapter,	  the	  story	  takes	  a	  slightly	  different	  turn	  as	  we	  explore	  a	  number	  
of	  factors	  that	  may	  contribute	  to	  our	  understanding	  of	  infants’	  early	  vocabulary	  
development	  in	  the	  current	  research	  context.	  Our	  focus	  in	  the	  chapter	  will	  be	  on	  maternal	  
characteristics,	  including	  mothers’	  cognitive	  ability	  and	  a	  selection	  of	  social	  and	  emotional	  
factors.	  However,	  a	  section	  of	  the	  chapter	  will	  also	  be	  dedicated	  to	  a	  supplemental	  
description	  of	  our	  sample	  of	  infants,	  in	  which	  we	  will	  discuss	  some	  additional	  situational	  
factors	  that	  may	  help	  to	  explain	  individual	  differences	  in	  infants’	  early	  language	  
environments.	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Chapter	  5:	  Other	  potentially	  mediating	  variables	  
The	  overarching	  objective	  of	  this	  thesis	  is	  to	  provide	  a	  deeper	  empirical	  understanding	  of	  
the	  reported	  association	  between	  maternal	  education	  and	  early	  language	  development.	  Our	  
conceptual	  model	  (Figure	  2,	  section	  2.5)	  proposed	  two	  potentially	  mediating	  pathways	  
through	  which	  maternal	  education	  may	  come	  to	  be	  associated	  with	  children’s	  expressive	  
language	  skills.	  The	  first	  hypothesised	  pathway,	  via	  infants’	  early	  language	  experience	  in	  
their	  home	  environment,	  has	  been	  our	  research	  focus	  so	  far.	  In	  Chapter	  3	  we	  saw	  
substantial	  differences	  associated	  with	  maternal	  education	  in	  terms	  of	  family	  talkativeness	  
and,	  importantly,	  how	  much	  verbal	  interaction	  was	  occurring	  between	  caregivers	  and	  
infants	  during	  the	  first	  year	  of	  life.	  In	  Chapter	  4	  we	  saw	  that	  those	  early	  differences,	  in	  turn,	  
were	  predictive	  of	  infants’	  later	  vocabulary	  size.	  In	  this	  chapter,	  we	  redirect	  our	  attention	  
towards	  our	  second,	  more	  speculative	  hypothesised	  pathway,	  via	  a	  collection	  of	  individual	  
maternal	  characteristics.	  If	  this	  thesis	  is	  largely	  exploratory,	  then	  this	  chapter	  is	  even	  more	  
so.	  It	  also	  takes	  on	  a	  more	  descriptive	  tone,	  as	  our	  quest	  moves	  away	  from	  seeking	  evidence	  
of	  the	  presence	  and	  magnitude	  and	  SES-­‐related	  differences	  in	  infants’	  early	  speech	  
experience	  and	  vocabulary	  growth	  towards	  seeking	  insight	  into	  factors	  that	  may	  potentially	  
be	  contributing	  to	  those	  differences.	  	  
This	  chapter	  addresses	  one	  general	  question:	  	  
1.   What	  other	  maternal	  factors	  might	  play	  a	  role	  in	  the	  relationship	  between	  
maternal	  education	  and	  early	  lexical	  development?	  
Central	  throughout	  our	  investigation	  has	  been	  the	  idea	  that	  parental	  education	  level	  cannot	  
in	  itself	  influence	  a	  child’s	  developmental	  trajectory	  directly.	  	  It	  is	  a	  constellation	  of	  parental	  
characteristics	  and	  abilities,	  and	  behaviours	  –	  human	  capital,	  to	  put	  it	  in	  Coleman’s	  (1988)	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terms	  –	  associated	  with	  education	  level	  that	  shape	  the	  cognitive	  environment	  in	  which	  
development	  occurs	  (see	  Rindermann	  &	  Baumeister,	  2015).	  Since	  the	  overall	  focus	  of	  the	  
thesis	  is	  on	  factors	  related	  to	  maternal	  education,	  our	  emphasis	  in	  this	  chapter	  is	  primarily	  
on	  mothers.	  In	  Sections	  5.1	  and	  5.2,	  we	  explore	  a	  number	  of	  factors	  that	  have	  been	  linked	  in	  
previous	  literature	  to	  maternal	  education	  and/or	  to	  parents’	  capacity	  to	  engage	  in	  
behaviours	  that	  support	  children’s	  development.	  Section	  5.1	  examines	  mothers’	  verbal	  and	  
non-­‐verbal	  cognitive	  ability,	  as	  measured	  by	  a	  standardized	  testing	  scale.	  Section	  5.2	  
examines	  mothers’	  knowledge	  of	  child	  development,	  their	  feelings	  of	  self-­‐efficacy	  in	  the	  
caregiving	  role,	  the	  amount	  of	  social	  support	  they	  perceive	  in	  that	  role	  and	  whether	  they	  
feel	  that	  support	  is	  sufficient	  to	  meet	  their	  individual	  needs,	  and	  their	  
emotional/psychological	  well-­‐being.	  Section	  5.3	  discusses	  some	  additional	  
environmental/situational	  characteristics	  pertaining	  to	  infants	  in	  the	  study,	  which	  may	  be	  of	  
interest	  to	  some	  readers.	  The	  section	  also	  examines	  the	  potential	  role	  of	  fathers’	  level	  of	  
education.	  In	  our	  later	  analyses	  in	  Chapter	  4,	  when	  we	  assessed	  infants’	  vocabulary	  in	  
relation	  to	  four	  maternal	  education	  groups,	  we	  saw	  some	  more	  fine-­‐grained	  differences	  that	  
were	  not	  apparent	  when	  we	  viewed	  the	  data	  through	  the	  lens	  of	  two	  groups.	  Hence,	  in	  this	  
chapter	  (with	  the	  exception	  of	  Section	  5.3.4),	  we	  take	  the	  same	  approach	  and	  discuss	  our	  
factors	  of	  interest	  in	  relation	  to	  four	  maternal	  education	  groups.	  	  
5.1	  Mothers’	  cognitive	  ability	  
One	  criticism	  of	  many	  past	  studies	  examining	  effects	  of	  maternal	  education	  on	  children’s	  
cognitive	  development	  is	  that	  they	  overlook	  mothers’	  cognitive	  ability	  (Duncan	  &	  
Magnuson,	  2003,	  2012).	  Duncan	  and	  Magnuson	  argue	  for	  the	  inclusion	  of	  a	  good	  measure	  
of	  cognitive	  ability	  to	  avoid	  mistakenly	  attributing	  differences	  to	  maternal	  education	  that	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may	  really	  be	  attributable	  to	  other	  characteristics	  that	  differentiate	  mothers	  with	  different	  
levels	  of	  educational	  attainment.	  This	  study	  addresses	  that	  criticism.	  Our	  aim	  was	  to	  assess	  
whether	  mothers’	  cognitive	  ability	  was	  associated	  with	  a)	  mothers’	  education	  level,	  b)	  
children’s	  vocabulary	  development,	  and/or	  c)	  differences	  in	  the	  amount	  of	  language	  
experience	  infants	  received.	  Were	  any	  significant	  associations	  to	  emerge	  in	  the	  data,	  we	  
were	  interested	  to	  know	  whether	  one	  particular	  aspect	  of	  cognitive	  ability	  (i.e.	  verbal	  or	  
non-­‐verbal	  ability)	  may	  be	  more	  relevant	  in	  this	  context.	  
5.1.1	  Measure	  	  	  
Wechsler	  Abbreviated	  Scale	  of	  Intelligence	  	  
Mothers’	  verbal	  and	  nonverbal	  IQ	  was	  measured	  using	  the	  Wechsler	  Abbreviated	  Scale	  of	  
Intelligence	  –	  Second	  Edition	  (WASI-­‐II;	  Wechsler,	  2011).	  The	  WASI-­‐II	  is	  a	  reliable	  and	  valid	  
brief	  measure	  of	  cognitive	  ability	  (Wechsler,	  2013)	  that	  requires	  a	  relatively	  brief	  
administration	  time	  (approximately	  30-­‐45	  minutes).	  It	  includes	  four	  subtests	  (Vocabulary,	  
Similarities,	  Block	  Design	  and	  Matrix	  Reasoning)	  that	  measure	  verbal	  and	  nonverbal	  abilities.	  
Raw	  scores	  from	  the	  four	  subtests	  are	  converted	  to	  age-­‐corrected	  T-­‐scores,	  which	  are	  then	  
used	  to	  calculate	  standardised	  composite	  scores.	  There	  is	  currently	  no	  Australian	  adaptation	  
of	  the	  WASI-­‐II,	  so	  it	  should	  be	  noted	  here	  that	  WASI-­‐II	  composite	  scores	  were	  standardised	  
on	  a	  U.S.	  population.	  The	  Verbal	  Comprehension	  Index	  (VCI)	  score	  is	  composed	  of	  the	  
Vocabulary	  and	  Similarities	  subtests,	  and	  the	  Block	  Design	  and	  Matrix	  Reasoning	  subtests	  
compose	  the	  Perceptual	  Reasoning	  Index	  (PRI)	  score.	  The	  Full	  Scale	  IQ	  (FSIQ-­‐4)	  score	  is	  




The	  WASI-­‐II	  was	  administered	  during	  the	  final	  research	  session,	  at	  which	  time	  the	  19	  month	  
OZIs	  reported	  in	  Chapter	  4	  were	  also	  completed.	  We	  deliberately	  planned	  the	  WASI-­‐II	  
session	  to	  occur	  later	  in	  the	  study,	  so	  participants	  could	  feel	  comfortable	  with	  the	  
researcher,	  having	  been	  visited	  by	  her	  at	  least	  four	  times	  previously	  by	  that	  stage.	  This	  
seemed	  a	  particularly	  important	  consideration,	  particularly	  for	  mothers	  with	  lower	  levels	  of	  
education,	  as	  many	  of	  them	  had	  little	  to	  no	  prior	  experience	  with	  universities	  or	  research	  
settings,	  and	  we	  did	  not	  want	  them	  to	  feel	  intimidated	  or	  uncomfortable	  in	  the	  situation.	  
We	  set	  out	  to	  include	  WASI-­‐II	  data	  for	  all	  mothers	  in	  the	  study.	  However,	  unlike	  the	  earlier	  
research	  sessions,	  the	  WASI-­‐II	  session	  required	  a	  testing	  environment	  with	  minimal	  
distraction	  and	  interruption.	  That	  meant	  sessions	  needed	  to	  be	  arranged	  for	  a	  time	  when	  
another	  caregiver	  could	  be	  at	  home	  or	  the	  infant	  (and,	  in	  some	  cases,	  other	  young	  children	  
in	  the	  household)	  was	  napping.	  As	  it	  turned	  out,	  this	  was	  not	  always	  an	  easily	  achievable	  
task,	  particularly	  for	  busy	  mothers	  of	  young	  children.	  That	  being	  the	  case,	  four	  mothers	  did	  
not	  complete	  the	  WASI-­‐II.	  Thus,	  data	  reported	  here	  pertain	  to	  46	  mothers.	  
5.1.3	  Analysis	  and	  Results	  
5.1.3.1	  Associations	  between	  mothers’	  WASI	  scores	  and	  educational	  attainment	  
Descriptive	  statistics	  for	  mothers’	  WASI-­‐II	  scores,	  for	  all	  mothers	  in	  the	  final	  sample	  and	  
separately	  for	  four	  maternal	  education	  groups,	  are	  provided	  in	  Table	  14.	  Because	  we	  were	  
interested	  in	  the	  potentially	  unique	  contributions	  of	  verbal	  and	  non-­‐verbal	  cognitive	  ability	  
(as	  measured	  by	  the	  VCI	  and	  PRI),	  analysis	  of	  the	  VCI	  and	  PRI	  indices	  only	  are	  reported	  here.	  
However,	  for	  informative	  purposes,	  descriptive	  statistics	  for	  full-­‐scale	  IQ	  scores	  are	  also	  
provided	  in	  Table	  14.	  Plots	  illustrating	  group	  differences	  for	  VCI	  and	  PRI	  are	  provided	  in	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Figures	  40	  and	  41,	  respectively.	  To	  assess	  the	  relationship	  between	  maternal	  education	  and	  
mothers’	  cognitive	  ability,	  we	  analysed	  correlations	  between	  maternal	  education	  (4	  levels;	  
reference:	  <	  high	  school)	  and	  mothers’	  VCI	  and	  PRI	  scores.	  This	  showed	  statistically	  
significant	  correlations	  for	  VCI	  scores	  (R2	  =	  .27,	  R2adj	  =	  .22,	  F	  (3,	  42)	  =	  5.18,	  p	  =	  .004)	  and	  PRI	  
scores	  (R2	  =	  .28,	  R2adj	  =	  .23,	  F	  (3,	  42)	  =	  5.47,	  p	  =	  .003).	  	  Correlation	  models	  including	  
unstandardized	  coefficients	  for	  each	  level	  of	  education	  are	  summarised	  in	  Table	  15.	  	  VCI	  
scores	  for	  mothers	  in	  the	  ‘high	  school’	  group	  (M	  =	  98.0,	  SD	  =	  7.03)	  did	  not	  differ	  
significantly,	  compared	  to	  mothers	  in	  the	  ‘less	  than	  high	  school’	  group	  (M	  =	  89.6,	  SD	  =	  
13.13).	  However,	  VCI	  scores	  for	  mothers	  in	  the	  ‘degree’	  and	  ‘postgrad’	  group	  (M	  =	  104.4,	  SD	  
=	  9.72;	  M	  =	  106.9.5,	  SD	  =	  14.02,	  respectively)	  were	  significantly	  higher,	  compared	  to	  
mothers	  in	  the	  ‘less	  than	  high	  school’	  group	  (both	  p	  =	  .002).	  Compared	  to	  mothers	  in	  the	  
‘less	  than	  high	  school’	  group	  (M	  =	  95.1,	  SD	  =	  11.79),	  PRI	  scores	  for	  mothers	  in	  the	  ‘high	  
school’	  (M	  =	  103.42,	  SD	  =	  8.86),	  ‘degree’	  (M	  =	  104.7,	  SD	  =	  9.32),	  and	  ‘postgrad’	  groups	  (M	  =	  




Table	  14.	  Descriptive	  statistics	  for	  mothers’	  WASI-­‐II	  scores	  (groups	  represent	  4	  levels	  of	  




1.	  <	  High	  
school	  	  
(n	  =	  10)	  
2.	  High	  
school	  
(n	  =	  12)	  
3.	  Degree	  
(n	  =	  15)	  
4.	  Postgrad	  	  
(n	  =	  9)	  
Verbal	  
Comprehension	  
	   	   	   	   	  
Min-­‐Max	  	   64	  -­‐	  142	   64	  -­‐	  108	   81	  -­‐	  106	   84	  -­‐	  121	   92	  -­‐	  142	  
Mean	  (SD)	   100.0	  (12.33)	   89.6	  (13.13)	   98.0	  (7.03)	   104.4	  (9.72)	   106.9	  (14.02)	  
Perceptual	  
Reasoning	  
	   	   	   	   	  
Min-­‐Max	   70	  -­‐	  123	   70	  -­‐	  115	   89	  -­‐	  117	   90	  -­‐	  115	   97	  -­‐	  123	  
Mean	  (SD)	   103.9	  (10.88)	   95.1	  (11.79)	   103.42	  (8.86)	   104.7	  (9.32)	   112.8	  (7.94)	  
Full	  Scale	  IQ	   	   	   	   	   	  
Min-­‐Max	   77	  -­‐	  133	   77	  -­‐	  108	   83	  -­‐	  112	   85	  -­‐	  118	   94	  -­‐	  133	  




Table	  15.	  Correlation	  Analyses	  Showing	  Maternal	  Educational	  Level	  as	  a	  Predictor	  of	  
Mothers’	  scores	  on	  the	  Wechsler	  Abbreviated	  Scale	  of	  Intelligence	  (WASI-­‐II)	  
	  
WASI-­‐II	  Composite	  Indices	  	  
Verbal	  Comprehension	   Perceptual	  Reasoning	  
Reference:	  	  <	  High	  school	   B	  (SE)	   B	  (SE)	  
High	  school	   8.4	  (4.67)	   8.81	  (4.26)*	  
Degree	   14.8	  (4.45)**	   9.63	  (3.98)*	  
Postgrad	   17.29	  (5.01)**	   18.03	  (4.62)***	  
Model	  R2/R2adj	   .27/.22**	   .28/.22**	  














5.1.3.2	  Associations	  between	  mothers’	  WASI	  scores	  and	  infant	  vocabulary	  
Since	  statistically	  significant	  associations	  were	  evident	  between	  maternal	  education	  and	  
mothers’	  cognitive	  scores,	  we	  then	  conducted	  correlational	  analyses	  to	  assess	  the	  extent	  to	  
which	  mothers’	  cognitive	  scores	  were	  related	  to	  infants’	  vocabulary	  scores.	  Since	  two	  of	  the	  
infants’	  whose	  mothers	  completed	  the	  WASI-­‐II	  were	  the	  infants	  excluded	  from	  the	  analyses	  
involving	  vocabulary	  scores,	  data	  here	  pertains	  to	  44	  infants,	  not	  46.	  Results	  of	  this	  set	  of	  
analyses,	  summarised	  in	  Table	  16,	  showed	  no	  significant	  overall	  association	  between	  




mothers’	  verbal	  comprehension	  (VCI)	  or	  perceptual	  reasoning	  (PRI)	  scores	  and	  infants’	  OZI	  
scores.
	  
Table	  16.	  Correlation	  analysis	  of	  vocabulary	  at	  12-­‐15	  months	  and	  19	  months	  as	  predicted	  by	  
Mothers’	  scores	  on	  the	  Wechsler	  Abbreviated	  Scale	  of	  Intelligence	  (WASI-­‐II)	  
	   Infants’	  OZI	  scores	  
	   12-­‐15	  months	   	   19	  months	  
Predictors	   R2	   F	   p	   	   R2	   F	   p	  
VCI	   .03	   1.09	   .30	   	   .02	   .70	   .41	  




As	  readers	  may	  recall,	  in	  our	  analysis	  of	  vocabulary	  data	  in	  Chapter	  4	  (Section	  4.6),	  we	  
observed	  some	  interesting	  patterns	  of	  difference	  between	  the	  four	  education	  groups	  at	  12-­‐
15	  months	  for	  which	  no	  obvious	  explanation	  emerged	  in	  the	  data.	  That	  is,	  compared	  to	  
infants	  in	  the	  ‘less	  than	  high	  school’	  group,	  OZI	  scores	  for	  infants	  in	  the	  ‘high	  school’	  and	  
‘postgrad’	  groups	  were	  significantly	  higher;	  however,	  scores	  for	  the	  ‘degree’	  group	  were	  
not.	  We	  were	  curious	  as	  to	  why	  that	  might	  have	  been	  the	  case.	  Driven	  by	  that	  curiosity,	  and	  
despite	  seeing	  no	  overall	  correlation	  between	  WASI-­‐II	  scores	  and	  vocabulary,	  we	  carried	  out	  
some	  exploratory	  multiple	  regression	  analyses	  to	  see	  whether	  we	  might	  uncover	  any	  
potential	  explanations.	  The	  results	  of	  these	  analyses	  are	  summarised	  in	  Tables	  17	  and	  18.	  
Table	  17	  pertains	  to	  12-­‐15	  month	  vocabulary	  scores;	  Table	  18	  pertains	  to	  19	  month	  
vocabulary	  scores.	  	  
For	  comparison,	  Model	  A	  (Table	  17)	  shows	  the	  original	  correlation	  model	  from	  Chapter	  4,	  
where	  we	  included	  only	  maternal	  education	  as	  a	  predictor	  of	  infants’	  12-­‐15	  month	  OZI	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scores.	  In	  Model	  A-­‐1	  (Table	  17)	  we	  added	  mothers’	  VCI	  scores	  to	  the	  equation.	  Doing	  so	  
yielded	  a	  statistically	  significant	  model	  (R2	  =	  .24,	  R2adj	  =	  .17,	  F	  (4,	  39)	  =	  3.16,	  p	  =	  .02).	  
However,	  as	  the	  coefficients	  in	  Model	  1-­‐A	  show,	  including	  mothers’	  VCI	  scores	  (B	  =	  -­‐.01,	  t	  =	  -­‐
.12,	  p	  =	  .9)	  did	  not	  contribute	  significantly	  to	  the	  prediction	  model,	  and	  two	  specific	  levels	  of	  
maternal	  education,	  the	  ‘high	  school’	  (B	  =	  7.84,	  t	  =	  2.17,	  p	  =	  .04)	  and	  ‘postgrad’	  (B	  =	  12.88,	  t	  
=	  2.99,	  p	  =	  .005)	  levels,	  remained	  significant	  predictors.	  The	  next	  step	  was	  to	  add	  an	  
interaction	  term	  for	  education	  level	  x	  VCI	  to	  the	  prediction	  model.	  	  As	  Model	  A-­‐2	  (Table	  17)	  
shows,	  this	  also	  resulted	  in	  a	  statistically	  significant	  model	  (R2	  =	  .41,	  R2adj	  =	  .30,	  F	  (7,	  36)	  =	  
3.60,	  p	  =	  .005).	  In	  Model	  A-­‐2	  there	  was	  no	  main	  effect	  of	  mothers’	  VCI	  (B	  =	  .13,	  t	  =	  .69,	  p	  =	  
.5),	  but	  there	  was	  a	  significant	  main	  effect	  of	  maternal	  education	  at	  the	  degree	  level	  (B	  =	  
60.21,	  t	  =	  2.22,	  p	  =	  .03),	  and,	  interestingly,	  a	  significant	  education	  level	  x	  VCI	  interaction	  at	  
the	  degree	  level	  (B	  =	  -­‐0.56,	  t	  =	  -­‐2.03,	  p	  <	  .05).	  In	  other	  words,	  at	  the	  degree	  level	  only,	  
mothers’	  higher	  VCI	  scores	  were	  associated	  with	  lower	  infant	  vocabulary	  scores.	  
In	  the	  next	  two	  models	  we	  repeated	  the	  previous	  two	  steps,	  this	  time	  replacing	  mothers’	  
VCI	  scores	  with	  their	  PRI	  scores.	  In	  Model	  A-­‐3	  (Table	  17),	  adding	  mothers’	  PRI	  as	  a	  predictor	  
produced	  a	  statistically	  significant	  model	  (R2	  =	  .25,	  R2adj	  =	  .17,	  F	  (4,	  39)	  =	  3.16,	  p	  =	  .03),	  in	  
which	  the	  ‘high	  school’	  (B	  =	  7.84,	  t	  =	  1.10,	  p	  =	  .04)	  and	  ‘postgrad’	  degree	  (B	  =	  12.82,	  t	  =	  2.87,	  
p	  =	  .007)	  levels	  of	  education	  were	  significant	  predictors,	  but	  PRI	  was	  not	  (B	  =	  -­‐.01,	  t	  =	  -­‐.08,	  p	  
=	  .93).	  As	  Model	  A-­‐4	  shows,	  when	  an	  interaction	  term	  for	  education	  level	  x	  PRI	  was	  added	  to	  
the	  equation,	  the	  resulting	  model	  was	  not	  significant	  (R2	  =	  .25,	  R2adj	  =	  .10,	  F	  (7,	  36)	  =	  1.72,	  p	  =	  




Table	  17.	  Multiple	  Regression	  Analyses	  Using	  Maternal	  Educational	  Level	  and	  Mothers’	  VCI	  
and	  PRI	  to	  Predict	  Expressive	  Vocabulary	  Scores	  at	  12-­‐15	  months.	  































































	   	  
VCI	  x	  	  
High	  school	  	  
	   	   -­‐.56	  	  
(.37)	  
	   	  
VCI	  x	  Bachelor	   	   	   -­‐.56*	  	  
(.28)	  
	   	  
VCI	  x	  Postgrad	   	   	   .22	  	  
(.26)	  
	   	  




PRI	  x	  	  
High	  school	  	  
	   	   	   	   -­‐0.08	  	  
(.37)	  
PRI	  x	  Degree	   	   	   	   	   -­‐0.12	  	  
(.33)	  
PRI	  x	  Postgrad	   	   	   	   	   0.08	  	  
(.44)	  
R2/R2adj	   .25/.20**	   .24/.17*	   .41/.30**	   .25/.17*	   .25/.10	  
†p	  <.10,	  *p	  <	  .05,	  **p	  <	  .01,	  ***p	  <.001.	  
	  
	  
We	  then	  carried	  out	  the	  same	  set	  of	  analyses;	  this	  time	  with	  infants’	  19	  month	  OZI	  
scores	  as	  the	  outcome	  variable.	  Results	  of	  these	  analyses	  are	  summarised	  in	  Table	  18.	  As	  
can	  be	  seen	  in	  Models	  1-­‐1	  through	  1-­‐4,	  adding	  VCI	  or	  PRI,	  or	  the	  interaction	  terms	  involving	  
them,	  did	  not	  contribute	  to	  the	  prediction	  model	  in	  any	  significant	  way.	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Table	  18.	  Multiple	  Regression	  Analyses	  Using	  Maternal	  Educational	  Level	  and	  Mothers’	  VCI	  
and	  PRI	  to	  Predict	  Expressive	  Vocabulary	  Scores	  at	  19	  months.	  































































	   	  
VCI	  x	  	  
High	  school	  	  
	   	   -­‐1.01	  	  
(2.87)	  
	   	  
VCI	  x	  Degree	   	   	   -­‐3.94	  	  
(2.14)†	  
	   	  
VCI	  x	  Postgrad	   	   	   2.23	  	  
(2.05)	  
	   	  




PRI	  x	  	  
High	  school	  	  
	   	   	   	   1.63	  
(2.79)	  
PRI	  x	  Degree	   	   	   	   	   0.21	  
(2.51)	  
PRI	  x	  Postgrad	   	   	   	   	   3.13	  
(3.31)	  
R2/R2adj	   11/.05	   .10/.01	   .27/.13†	   .11/.02	   .14/-­‐.03	  
†p	  <.10,	  *p	  <	  .05,	  **p	  <	  .01,	  ***p	  <.001.	  
 
	  
In	  our	  conceptual	  model,	  we	  hypothesised	  that	  if	  mothers’	  cognitive	  abilities	  were	  
found	  to	  be	  associated	  with	  infants’	  vocabulary,	  the	  association	  may	  be	  direct	  or	  it	  may	  
occur	  indirectly	  via	  early	  language	  experience.	  As	  we	  saw	  in	  the	  previous	  set	  of	  analyses,	  our	  
data	  do	  not	  provide	  support	  for	  an	  overall	  direct	  association	  between	  mothers’	  verbal	  or	  
non-­‐verbal	  ability	  and	  infant	  vocabulary.	  To	  check	  for	  evidence	  that	  might	  provide	  support	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for	  an	  indirect	  relationship,	  in	  the	  next	  set	  of	  analyses	  we	  assessed	  associations	  between	  
mothers’	  VCI	  and	  PRI	  scores	  and	  LENA	  counts.	  In	  Chapter	  4	  (Section	  4.7),	  we	  saw	  that,	  unlike	  
adult	  word	  counts,	  conversational	  turn	  counts	  were	  a	  statistically	  significant	  predictor	  of	  
infants’	  later	  OZI	  scores.	  	  Thus,	  conversational	  turn	  counts	  were	  our	  primary	  interest	  here.	  
However,	  for	  informative	  purposes	  we	  have	  included	  correlations	  for	  adult	  word	  count,	  and	  
also	  for	  child	  vocalisation	  counts.	  A	  summary	  of	  results	  is	  provided	  in	  Table	  19.	  	  	  
5.1.3.3	  Associations	  between	  mothers’	  WASI	  scores	  and	  LENA	  counts	  
As	  Table	  19	  shows,	  at	  6-­‐9	  months	  the	  only	  significant	  correlation	  was	  between	  mothers’	  PRI	  
scores	  and	  adult	  word	  count	  (R2	  =	  .12,	  F	  (1,	  44)	  =	  6.23,	  p	  =	  .02).	  At	  12-­‐15	  months,	  mothers’	  
VCI	  scores	  were	  significantly	  correlated	  with	  conversational	  turns	  (R2	  =	  .11,	  F	  (1,	  44)	  =	  5.54,	  p	  
=	  .02)	  and	  child	  vocalisation	  (R2	  =	  .09,	  F	  (1,	  44)	  =	  4.50,	  p	  =	  .04).	  At	  the	  same	  age,	  mothers’	  PRI	  
scores	  were	  significantly	  correlated	  with	  adult	  word	  count	  (R2	  =	  .09,	  F	  (1,	  44)	  =	  4.39,	  p	  =	  .04),	  
conversational	  turns	  (R2	  =	  .13,	  F	  (1,	  44)	  =	  6.47,	  p	  =	  .02),	  and	  child	  vocalisation	  (R2	  =	  .09,	  F	  (1,	  
44)	  =	  4.50,	  p	  =	  .04).
Table	  19.	  Correlations	  between	  LENA	  measures	  and	  Mothers’	  Verbal	  Comprehension	  and	  
Perceptual	  Reasoning	  scores.	  
	   VCI	   	   PRI	  
LENA	  counts	   R2	   F	   p	   	   R2	   F	   p	  
6-­‐9	  months	   	   	   	   	   	   	   	  
Adult	  words	  	   .07	   3.52	   .07	   	   .12	   6.23	   .02	  
Conversational	  turns	   .04	   1.58	   .22	   	   .07	   3.43	   .07	  
Child	  Vocalisation	   .0005	   .02	   .88	   	   .003	   .14	   .71	  
12	  –	  15	  	  months	   	   	   	   	   	   	   	  
Adult	  words	  	   .05	   2.06	   .16	   	   .09	   4.39	   .04	  
Conversational	  turns	   .11	   5.54	   .02	   	   .13	   6.47	   .02	  





5.1.3.4	  Key	  points	  
•   More	  educated	  mothers	  had	  higher	  verbal	  and	  non-­‐verbal	  IQ	  scores.	  
•   Mothers’	  verbal	  and	  non-­‐verbal	  IQ	  scores	  were	  not	  good	  overall	  predictors	  of	  
infants’	  OZI	  scores.	  
•   For	  infant	  vocabulary	  at	  12-­‐15	  months,	  there	  was	  a	  significant	  interaction	  between	  
mothers’	  education	  level	  and	  verbal	  IQ	  scores	  –	  in	  the	  ‘degree’	  group,	  infants’	  OZI	  
scores	  were	  more	  likely	  to	  be	  lower	  if	  their	  mothers’	  verbal	  IQ	  scores	  were	  higher.	  
•   Mothers’	  verbal	  and	  non-­‐verbal	  IQ	  scores	  were	  positively	  correlated	  with	  
conversational	  turn	  counts	  at	  12-­‐15	  months,	  but	  not	  at	  6-­‐9	  months.	  
5.2	  Other	  maternal	  characteristics	  –	  Knowledge	  and	  social/emotional	  factors	  
In	  Chapters	  3	  and	  4,	  we	  saw	  wide	  variation	  within	  our	  maternal	  education	  groups,	  both	  in	  
terms	  of	  the	  amount	  of	  language	  experience	  infants	  were	  receiving	  and	  the	  development	  of	  
their	  early	  expressive	  vocabulary.	  The	  following	  sections	  describe	  data	  from	  a	  number	  of	  
questionnaires	  we	  asked	  mothers	  to	  complete.	  The	  questionnaires	  were	  selected	  for	  their	  
potential	  to	  identify	  individual	  characteristics	  related	  to	  maternal	  education	  that	  could	  
possibly	  be	  contributing	  to	  differences	  in	  the	  quantity	  of	  language	  experience	  infants	  were	  
getting.	  Section	  2.3.4	  in	  Chapter	  2	  provided	  a	  more	  comprehensive	  overview	  of	  some	  
background	  literature	  that	  has	  informed	  the	  selection	  of	  variables	  reported	  here.	  In	  the	  
following	  sections	  we	  revisit	  that	  literature	  briefly	  before	  moving	  on	  to	  describing	  the	  
method	  and	  findings	  for	  this	  aspect	  of	  the	  study.	  	  
Knowledge	  of	  child	  development	  
One	  potential	  avenue	  through	  which	  maternal	  education	  may	  enter	  the	  developmental	  
trajectory	  is	  via	  mothers’	  knowledge	  about	  child	  development.	  Evidence	  from	  a	  number	  of	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studies	  suggests	  more	  educated	  mothers	  have	  greater	  knowledge	  about	  child	  development	  
(Benasich	  &	  Brooks-­‐Gunn,	  1996;	  Bornstein,	  Cote,	  Haynes,	  Hahn,	  &	  Park,	  2010;	  Huang,	  
O’Brien	  Caughy,	  Genevro,	  &	  Miller,	  2005;	  Ribas	  Jr,	  de	  Moura,	  &	  Bornstein,	  2003;	  Rowe,	  
2008;	  Rowe,	  Denmark,	  Harden,	  &	  Stapleton,	  2016).	  This	  is	  possibly	  due	  to	  more	  educated	  
parents	  having	  greater	  access	  to,	  and	  better	  skills	  at	  finding,	  reliable	  information	  about	  
parenting	  matters	  (Bonfadelli,	  2002;	  Radey	  &	  Randolph,	  2009;	  Rothbaum	  et	  al.,	  2008).	  Some	  
evidence	  also	  suggests	  that	  knowledge	  of	  infant	  development	  plays	  a	  mediating	  role	  in	  the	  
association	  between	  maternal	  education	  and	  early	  vocabulary	  skills	  (Rowe,	  2008;	  Rowe	  et	  
al.,	  2016),	  possibly	  through	  more,	  and	  also	  more	  diverse,	  child-­‐directed	  speech	  (Rowe,	  
2008).	  	  
Self-­‐‑efficacy	  
According	  to	  self-­‐efficacy	  theory	  (Bandura,	  1997),	  parents’	  effectiveness	  in	  the	  parenting	  
role	  not	  only	  requires	  the	  skills	  and	  knowledge	  required	  to	  carry	  out	  the	  tasks	  at	  hand,	  
parents	  also	  need	  to	  feel	  confident	  in	  their	  ability	  to	  carry	  out	  those	  tasks.	  	  Parenting	  self-­‐
efficacy	  beliefs	  refer	  to	  parents’	  self-­‐perceptions	  about	  their	  ability	  to	  perform	  effectively	  
and	  competently	  in	  the	  parenting	  role	  (Teti	  &	  Gelfand,	  1991).	  High	  parental	  self-­‐efficacy	  
appears	  to	  be	  associated	  with	  higher	  levels	  of	  parental	  education	  (Coleman	  &	  Karraker,	  
2000;	  Spoth	  &	  Conroy,	  1993).	  It	  can	  be	  a	  crucial	  buffer	  between	  adverse	  family	  
circumstances	  and	  child	  outcomes	  (Elder,	  1995;	  Jones	  &	  Prinz,	  2005),	  and	  may	  help	  parents	  
to	  persevere	  when	  parenting	  tasks	  become	  challenging	  (Bloomfield	  et	  al.,	  2005).	  High	  
maternal	  self-­‐efficacy	  beliefs	  are	  associated	  with	  positive	  mother-­‐infant	  interactions	  (Bohlin	  
&	  Hagekull,	  1987),	  mothers’	  satisfaction	  in	  the	  parenting	  role	  (Coleman	  &	  Karraker,	  2000).	  
Maternal	  self-­‐efficacy	  can	  play	  a	  protective	  role	  for	  children	  growing	  up	  in	  ‘at-­‐risk’	  family	  
environments	  (McDonald	  et	  al.,	  2016;	  Teti	  &	  Gelfand,	  1991),	  and	  in	  previous	  studies	  it	  has	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been	  shown	  to	  mediate	  the	  relationship	  between	  mothers’	  supportive	  parenting	  behaviours	  
and	  toddlers’	  cognitive	  (Coleman	  et	  al.,	  2002)	  and	  language	  development	  (DesJardin,	  2006;	  
DesJardin	  &	  Eisenberg,	  2007).	  	  
Social	  support	  
Mothers’	  feelings	  of	  self-­‐efficacy	  and	  their	  early	  interactions	  with	  their	  infants	  can	  be	  
affected	  by	  how	  well	  supported	  they	  feel	  in	  the	  parenting	  role	  (Crnic	  et	  al.,	  1984;	  Leahy-­‐
Warren	  et	  al.,	  2012).	  Along	  with	  increased	  adult	  interaction	  and	  parenting	  self-­‐efficacy,	  
social	  support	  can	  be	  a	  protective	  factor	  for	  infants	  in	  ‘at-­‐risk’	  environments	  (McDonald	  et	  
al.,	  2016).	  In	  low	  SES	  families,	  the	  level	  of	  stimulation	  mothers	  provide	  their	  young	  children	  	  
has	  been	  shown	  to	  correlate	  positively	  with	  maternal	  social	  support	  (Adamakos	  et	  al.,	  1986).	  
Emotional	  well-­‐‑being	  
Evidence	  from	  studies	  of	  mothers	  experiencing	  post-­‐natal	  depression	  (PND)	  has	  shown	  that	  
maternal	  depression	  can	  impact	  on	  mother-­‐infant	  communication,	  and	  depressed	  mothers	  
tend	  to	  be	  less	  responsive	  to	  their	  infants	  (e.g.	  Bettes,	  1988;	  Field	  et	  al.,	  1990;	  Reck	  et	  al.,	  
2004).	  There	  is	  evidence	  to	  suggest	  that	  mothers	  with	  lower	  levels	  of	  education	  are	  at	  
greater	  risk	  for	  PND	  (e.g.	  Goyal	  et	  al.,	  2010;	  Tammentie	  et	  al.,	  2002)	  and	  that	  the	  effects	  of	  
maternal	  depression	  may	  be	  amplified	  for	  children	  from	  low	  SES	  backgrounds	  (Stein	  et	  al.,	  
2008).	  In	  low-­‐SES	  families,	  alongside	  maternal	  education,	  maternal	  depression	  is	  associated	  
with	  the	  amount	  and	  diversity	  of	  mothers’	  talk	  to	  their	  toddlers	  (Rowe	  et	  al.,	  2005)	  and	  
differences	  in	  child	  vocabulary	  growth	  at	  24	  months	  (Pan	  et	  al.,	  2005).	  Clinical	  levels	  of	  
depression	  aside,	  low	  parenting	  morale	  can	  be	  risk	  factor	  for	  developmental	  problems	  when	  
children	  are	  entering	  school	  (Tough	  et	  al.,	  2010).	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Taken	  together,	  the	  literature	  briefly	  reviewed	  here	  suggests	  that	  mothers’	  knowledge	  of	  
child	  development,	  how	  confident	  they	  feel	  as	  parents,	  how	  well	  supported	  they	  feel	  
socially,	  and	  their	  emotional/psychological	  well-­‐being	  can	  all	  impact	  on	  children’s	  early	  
developmental	  environment.	  As	  such,	  they	  are	  factors	  that	  seem	  worthy	  of	  examination	  in	  
the	  current	  context.	  
5.2.1	  Method	  
5.2.2	  Procedure	  
During	  the	  first	  and	  second	  research	  sessions,	  at	  infant	  ages	  6-­‐9	  and	  12-­‐15	  months	  (referred	  
to	  hereafter	  as	  Visit	  1	  and	  Visit	  2),	  alongside	  the	  daily	  recording	  of	  interactional	  data,	  
mothers	  were	  asked	  to	  complete	  five	  questionnaires	  at	  their	  convenience	  during	  the	  
research	  session.	  The	  questionnaires	  were	  selected	  to	  assess	  mothers’	  knowledge	  of	  infant	  
development,	  feelings	  of	  self-­‐efficacy,	  perceived	  social	  support,	  symptoms	  of	  depression,	  
and	  parenting	  morale.	  The	  following	  sections	  provide	  a	  description	  of	  each	  questionnaire.	  
5.2.3	  Measures	  	  
Knowledge	  of	  Infant	  Development	  Inventory	  	  
To	  measure	  mothers’	  knowledge	  about	  child	  development	  we	  used	  a	  shortened	  version	  of	  
the	  Knowledge	  of	  Infant	  Development	  Inventory	  (KIDI;	  MacPhee,	  1981b).	  The	  KIDI	  is	  a	  
commonly	  used	  measure	  of	  parents’	  knowledge	  about	  child	  development	  and	  beliefs	  about	  
caregiving.	  This	  shortened	  version	  of	  the	  KIDI	  (Huang	  et	  al.,	  2005),	  consists	  of	  30	  statements	  
about	  infant/child	  development	  (refer	  Appendix	  G),	  selected	  from	  the	  original	  75-­‐item	  KIDI.	  
Twenty-­‐one	  statements	  are	  related	  to	  norms	  and	  milestones	  (e.g.	  ‘an	  infant	  will	  respond	  to	  
his	  or	  her	  name	  at	  ten	  months’)	  and	  nine	  statements	  are	  related	  to	  parenting	  (e.g.	  ‘talking	  
to	  the	  baby	  about	  things	  he	  or	  she	  is	  doing	  helps	  the	  baby’s	  development	  and	  later	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competence’).	  Respondents	  are	  asked	  to	  indicate	  whether	  they	  agree	  or	  disagree	  with	  each	  
statement;	  a	  ‘do	  not	  know’	  response	  is	  also	  available	  for	  each	  item.	  For	  a	  subset	  of	  17	  items	  
related	  to	  the	  age	  at	  which	  typical	  developmental	  milestones	  are	  achieved,	  if	  respondents	  
disagree	  with	  a	  statement,	  they	  are	  asked	  to	  further	  indicate	  whether	  they	  believe	  that	  
milestone	  would	  be	  achieved	  when	  children	  are	  younger	  or	  older	  than	  the	  statement	  
suggests.	  	  Three	  proportion	  scores	  are	  calculated,	  including	  the	  percentage	  of	  correct	  
answers,	  and	  the	  percentage	  of	  items	  for	  which	  the	  respondent	  overestimated	  or	  
underestimated	  development.	  However,	  in	  the	  current	  study,	  only	  the	  percentage	  correct	  
score	  was	  used.	  	  
Parenting	  Sense	  of	  Competence	  Scale	  
The	  Parenting	  Sense	  of	  Competence	  Scale	  (PSOC;	  Gibaud-­‐Wallston	  &	  Wandersman,	  1978;	  
cited	  in	  Johnston	  &	  Mash,	  1989)	  is	  a	  commonly	  used	  measure	  of	  parental	  self-­‐efficacy.	  The	  
PSOC	  (refer	  Appendix	  F)	  is	  a	  self-­‐report	  questionnaire	  containing	  17	  statements	  related	  to	  
parents’	  feelings	  of	  efficacy	  (e.g.	  ‘if	  anyone	  can	  find	  the	  answer	  to	  what	  is	  troubling	  my	  
child,	  I	  am	  the	  one’)	  and	  satisfaction	  (e.g.	  ‘even	  though	  being	  a	  parent	  could	  be	  rewarding,	  I	  
am	  frustrated	  now	  while	  my	  child	  is	  at	  his/her	  present	  age’)	  in	  the	  parenting	  role.	  Parents	  
are	  asked	  to	  indicate	  their	  level	  of	  agreement	  with	  each	  statement	  by	  circling	  a	  number	  
between	  1	  (strongly	  disagree)	  and	  6	  (strongly	  agree).	  Eight	  items	  (the	  efficacy	  subscale)	  are	  
reverse	  scored	  so	  that	  high	  scores	  represent	  high	  levels	  of	  satisfaction	  and	  efficacy.	  Possible	  
scores	  range	  from	  17	  to	  102.	  The	  PSOC	  has	  been	  found	  to	  be	  an	  internally	  consistent	  and	  
valid	  measure	  (e.g.	  Gilmore	  &	  Cuskelly,	  2009;	  Karp,	  Lutenbacher,	  &	  Wallston,	  2015;	  Rogers	  
&	  Matthews,	  2004)	  that	  is	  suitable	  for	  use	  with	  mothers	  of	  infants	  (Karp	  et	  al.,	  2015)	  and	  
with	  an	  Australian	  population	  (Gilmore	  &	  Cuskelly,	  2009;	  Rogers	  &	  Matthews,	  2004).	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Edinburgh	  Postnatal	  Depression	  Scale	  	  
The	  Edinburgh	  Postnatal	  Depression	  Scale	  (EPDS;	  Cox	  et	  al.,	  1987)	  is	  a	  10-­‐item	  self-­‐report	  
scale	  designed	  to	  identify	  common	  symptoms	  of	  depression	  and	  emotional	  distress	  in	  
women	  in	  the	  postpartum	  months	  (refer	  Appendix	  E).	  For	  each	  item,	  mothers	  are	  asked	  to	  
indicate	  the	  answer	  that	  comes	  closest	  to	  how	  they	  have	  felt	  in	  the	  past	  week.	  Each	  item	  is	  
scored	  on	  a	  4	  point	  scale	  (0	  –	  3);	  the	  score	  range	  is	  0	  –	  30.	  Seven	  items	  are	  reverse	  scored,	  
sot	  that	  higher	  scores	  indicate	  higher	  levels	  of	  depressive	  symptoms.	  The	  EPDS	  is	  a	  widely	  
used,	  reliable,	  well-­‐validated	  measure	  (for	  a	  review	  of	  validation	  studies,	  see	  Eberhard-­‐Gran,	  
Eskild,	  Tambs,	  Opjordsmoen,	  &	  Samuelsen,	  2001)	  that	  has	  been	  validated	  for	  use	  with	  non-­‐
postnatal	  women	  as	  well	  (Cox,	  Chapman,	  Murray,	  &	  Jones,	  1996)	  and	  with	  an	  Australian	  
population	  (P.	  Boyce,	  Stubbs,	  &	  Todd,	  1993).	  	  
Parenting	  Morale	  Index	  
We	  also	  assessed	  mothers’	  well-­‐being	  using	  the	  Parenting	  Morale	  Index	  (PMI;	  Trute	  &	  
Hiebert-­‐Murphy,	  2005).	  The	  PMI	  is	  a	  10-­‐item	  self-­‐report	  scale	  (refer	  Appendix	  H)	  designed	  
to	  measure	  parents’	  “psychological	  energy	  and	  parenting	  enthusiasm”	  (Trute	  &	  Hiebert-­‐
Murphy,	  2005,	  p.	  220).	  Parents	  are	  asked	  to	  circle	  a	  number	  between	  1	  (not	  at	  all)	  and	  6	  
(very	  often)	  to	  indicate	  how	  frequently	  in	  daily	  life	  they	  feel	  10	  distinct	  affective	  states.	  Four	  
items	  reflecting	  positive	  affective	  states	  (i.e.	  optimistic,	  contented,	  satisfied,	  happy)	  are	  
forward	  scored,	  and	  six	  items	  reflecting	  negative	  affective	  states	  (i.e.	  frustrated,	  worried,	  
stressed,	  lonely,	  exhausted,	  guilty)	  are	  reverse	  scored,	  so	  that	  high	  scores	  reflect	  high	  
parenting	  morale.	  The	  minimum	  score	  on	  the	  PMI	  is	  10;	  the	  maximum	  score	  is	  50.	  The	  PMI	  
has	  been	  shown	  to	  be	  an	  internally	  consistent	  and	  valid	  measure	  of	  psychological	  well-­‐being	  
(Benzies	  et	  al.,	  2011;	  Trute	  &	  Hiebert-­‐Murphy,	  2005).	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Social	  Support	  Questionnaire	  
The	  Social	  Support	  Questionnaire	  (SSQ;	  Sarason,	  Levine,	  Basham,	  &	  Sarason,	  1983)	  is	  a	  self-­‐
report	  questionnaire	  designed	  to	  assess	  people’s	  appraisal	  of	  their	  social	  relationships	  in	  
terms	  of	  1)	  the	  number	  of	  people	  they	  perceive	  as	  social	  supports	  and	  2)	  how	  satisfied	  they	  
feel	  with	  the	  social	  support	  available	  to	  them.	  The	  original	  SSQ	  contains	  27	  items,	  but	  in	  this	  
study	  we	  used	  the	  SSQ6	  (refer	  Appendix	  I),	  a	  six-­‐item	  version	  of	  the	  SSQ	  that	  has	  been	  
shown	  to	  have	  high	  internal	  reliability	  and	  to	  be	  highly	  correlated	  with	  the	  full-­‐scale	  version	  
(Sarason	  et	  al.,	  1987).	  Each	  item	  has	  two	  parts.	  For	  the	  first	  part,	  respondents	  are	  asked	  to	  
list	  the	  initials	  of	  up	  to	  nine	  people	  they	  know,	  who	  they	  can	  count	  on	  for	  help	  or	  support	  in	  
the	  manner	  described	  in	  that	  item	  (e.g.	  ‘Who	  can	  you	  really	  count	  on	  to	  help	  you	  feel	  more	  
relaxed	  when	  you	  are	  under	  pressure	  or	  tense?’).	  For	  the	  second	  part,	  respondents	  are	  
asked	  to	  indicate	  how	  satisfied	  they	  are	  with	  the	  overall	  support	  they	  have	  by	  circling	  a	  
number	  between	  1	  (very	  dissatisfied)	  and	  6	  (very	  satisfied).	  Scores	  for	  the	  first	  part	  of	  each	  
item	  are	  added	  together	  to	  calculate	  a	  Number	  Score	  (SSQ-­‐N),	  with	  possible	  scores	  ranging	  
from	  0	  to	  54.	  Scores	  for	  the	  second	  part	  of	  each	  item	  are	  added	  together	  to	  calculate	  a	  
Satisfaction	  Score	  (SSQ-­‐S),	  with	  possible	  scores	  ranging	  from	  6	  to	  36.	  	  
5.2.4	  Analysis	  and	  Results	  
When	  we	  approached	  this	  aspect	  of	  the	  investigation,	  we	  did	  so	  with	  curiosity	  rather	  than	  
strong	  expectations	  of	  what	  we	  were	  likely	  to	  find.	  We	  were	  interested	  to	  know	  whether	  
the	  factors	  we	  were	  examining	  would	  be	  associated	  with	  maternal	  education.	  If	  they	  were,	  
we	  were	  curious	  to	  see	  if	  they	  might	  also	  help	  to	  account	  for	  individual	  differences	  in	  family	  
patterns	  of	  verbal	  communication.	  The	  first	  planned	  step	  in	  analysis	  was	  to	  assess	  
associations	  between	  our	  five	  measures	  and	  mothers’	  level	  of	  education.	  If	  any	  associations	  
were	  found	  to	  be	  significant,	  we	  would	  then	  take	  a	  further	  step	  and	  assess	  associations	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between	  the	  five	  measures	  and	  our	  measures	  of	  speech	  input.	  All	  variables	  of	  interest	  in	  this	  
chapter	  are	  assessed	  in	  relation	  to	  four	  maternal	  education	  groups.	  At	  Visit	  1,	  data	  were	  
collected	  for	  the	  whole	  sample	  of	  mothers.	  However,	  at	  Visit	  2	  one	  mother’s	  participation	  in	  
the	  study	  was	  limited	  to	  completing	  the	  vocabulary	  inventory	  for	  her	  infant.	  Hence,	  
questionnaire	  data	  pertain	  to	  50	  mothers	  for	  Visit	  1	  and	  49	  mothers	  for	  Visit	  2,	  except	  for	  a	  
few	  missing	  data	  points.	  That	  is,	  at	  Visit	  1,	  one	  mother	  in	  the	  ‘less	  than	  high	  school’	  group	  
did	  not	  respond	  to	  the	  items	  in	  the	  SSQ6	  that	  comprised	  the	  SSQ-­‐S	  score.	  At	  Visit	  2,	  the	  
same	  mother	  and	  two	  additional	  mothers	  (one	  each	  from	  the	  ‘less	  than	  high	  school’	  and	  
‘postgrad’	  groups)	  completed	  the	  SSQ	  incorrectly,	  making	  their	  scores	  unusable,	  so	  their	  
data	  were	  excluded	  from	  the	  analysis.	  Descriptive	  statistics	  for	  all	  questionnaire	  data	  are	  
collated	  in	  Table	  20	  (for	  Visit	  1)	  and	  Table	  21	  (for	  Visit	  2).	  Superscript	  in	  each	  table	  indicates	  




Table	  20.	  Descriptive	  statistics	  for	  mothers’	  questionnaire	  data	  	  at	  Visit	  1	  (groups	  represent	  4	  
levels	  of	  maternal	  educational	  attainment)	  
Measure	  
All	  	  
N	  =	  50	  
Group	  1	  
n	  =	  11	  	  
Group	  2	  	  
n	  =	  14	  
Group	  3	  
n	  =	  16	  	  
Group	  4	  	  
n	  =	  9	  
KIDIa	   	   	   	   	   	  
Min-­‐Max	  	   33	  -­‐	  93	   33	  -­‐	  87	   63	  -­‐	  93	   63	  -­‐	  87	   63	  -­‐	  90	  
Mean	  (SD)	   77.50	  (10.80)	   73	  (16.38)	   81	  (8.74)	   76.62	  (8.16)	   79.11	  (8.71)	  
PSOC	   	   	   	   	   	  
Min-­‐Max	   52	  -­‐	  91	   61	  -­‐	  90	   69	  -­‐	  90	   61	  -­‐	  88	   52	  -­‐	  91	  
Mean	  (SD)	   76.51	  (8.95)	   77.14	  (9.60)	   78.43	  (7.13)	   75.19	  (7.93)	   75.11	  (12.72)	  
SSQ-­‐N	   	   	   	   	   	  
Min-­‐Max	   6	  -­‐	  54	   6	  –	  39	  	   6	  –	  54	  	   11	  –	  46	  	   11	  –	  54	  	  
Mean	  (SD)	   24.99	  (12.12)	   22	  (11.08)	   28	  (13.38)	   23.44	  (10.13)	   26.67	  (15.18)	  
SSQ-­‐S	   	   	   	   	   	  
Min-­‐Max	  	   20	  –	  361	   20	  –	  361	   22	  -­‐	  36	   25	  -­‐	  36	   23	  -­‐	  36	  
Mean	  (SD)	   31.78	  (4.44)	   29.9	  (5.86)	   32.93	  (3.97)	   32	  (3.56)	   31.67	  (4.82)	  
PMI	   	   	   	   	   	  
Min-­‐Max	   26	  -­‐	  46	   29	  -­‐	  45	   26	  -­‐	  46	   28	  -­‐	  42	   27	  -­‐	  42	  
Mean	  (SD)	   37.02	  (4.73)	   37	  (5.20)	   38.07	  (5.30)	   35.94	  (3.71)	   37.33	  (5.24)	  
EPDS	   	   	   	   	   	  
Min-­‐Max	   0	  -­‐	  15	   1	  -­‐	  9	   0	  -­‐	  15	   0	  -­‐	  8	   0	  -­‐	  7	  
Mean	  (SD)	   2.78	  (2.96)	   3.55	  (2.91)	   3.50	  (3.74)	   2.06	  (2.26)	   2	  (2.69)	  
a	  =	  score	  represents	  proportion	  of	  correct	  answers,	  1	  =	  1	  missing	  data	  point	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Table	  21.	  Descriptive	  statistics	  for	  mothers’	  questionnaire	  data	  at	  Visit	  2	  (groups	  represent	  4	  




Group	  1	  	  
n	  =	  11	  
Group	  2	  	  
n	  =	  13	  
Group	  3	  	  
n	  =	  16	  
Group	  4	  	  
n	  =	  9	  
KIDIa	   	   	   	   	   	  
Min-­‐Max	  	   50	  -­‐	  93	   50	  -­‐	  93	   74	  -­‐	  90	   57	  -­‐	  93	   50	  -­‐	  90	  
Mean	  (SD)	   79.51	  (10.82)	   74.73	  (13.74)	   84.23	  (5.21)	   80.00	  (9.90)	   77.67	  (13.03)	  
PSOC	   	   	   	   	   	  
Min-­‐Max	   53	  -­‐	  94	   62	  -­‐	  94	   63	  -­‐	  88	   60	  -­‐	  83	   53	  -­‐	  85	  
Mean	  (SD)	   75.23	  (8.46)	   75.45	  (10.58)	   76.96	  (6.33)	   75.56	  (6.76)	   71.89	  (11.24)	  
SSQ-­‐N	   	   	   	   	   	  
Min-­‐Max	   5	  –	  513	   8	  –	  332	   10	  -­‐	  51	   5	  -­‐	  33	   9	  –	  501	  
Mean	  (SD)	   21.63	  (11.05)	   20.44	  (9.76)	   26.38	  (13.36)	   18.06	  (7.22)	   22.38	  (13.60)	  
SSQ-­‐S	   	   	   	   	   	  
Min-­‐Max	  	   19	  –	  363	   19	  –	  362	   22	  -­‐	  36	   21	  -­‐	  36	   24	  –	  361	  
Mean	  (SD)	   31.07	  (4.37)	   31.67	  (5.24)	   32.31	  (4.48)	   29.56	  (3.81)	   31.38	  (4.17)	  
PMI	   	   	   	   	   	  
Min-­‐Max	   24	  -­‐	  43	   24	  -­‐	  40	   30	  -­‐	  42	   30	  -­‐	  43	   29	  -­‐	  41	  
Mean	  (SD)	   35.51	  (4.17)	   33.55	  (5.05)	   36.54	  (3.78)	   35.75	  (3.79)	   36	  (4.09)	  
EPDS	   	   	   	   	   	  
Min-­‐Max	   0	  –	  19	   0	  –	  191	   0	  -­‐	  15	   0	  -­‐	  10	   0	  -­‐	  9	  
Mean	  (SD)	   3.82	  (3.98)	   5.82	  (5.08)	   3.54	  (4.27)	   3.25	  (3.17)	   2.78	  (3.03)	  
a	  =	  score	  represents	  proportion	  of	  correct	  answers,	  1	  =	  1	  missing	  data	  point,	  2	  =	  2	  missing	  data	  points,	  
3	  =	  3	  missing	  data	  points	  
	  
To	  assess	  associations	  between	  the	  five	  measures	  and	  mothers’	  level	  of	  education,	  we	  
carried	  out	  a	  series	  of	  correlational	  analyses	  for	  each	  visit.	  Results	  for	  data	  collected	  at	  Visit	  
1	  are	  summarised	  and	  collated	  in	  Table	  22;	  Table	  23	  provides	  summarised	  and	  collated	  
results	  for	  data	  collected	  at	  Visit	  2.	  As	  can	  be	  seen	  in	  Tables	  22	  and	  23,	  our	  analyses	  
revealed	  no	  significant	  overall	  associations	  between	  maternal	  education	  and	  questionnaire	  
scores,	  at	  either	  visit.	  Across	  all	  measures,	  and	  across	  both	  visits,	  the	  only	  evidence	  of	  a	  
significant	  difference	  between	  any	  of	  the	  groups	  was	  in	  regard	  to	  the	  KIDI	  at	  Visit	  2	  (Table	  
23).	  For	  that	  measure,	  compared	  to	  the	  ‘less	  than	  high	  school’	  group,	  mean	  scores	  for	  the	  
‘high	  school’	  group	  were	  significantly	  higher	  (B	  =	  9.5,	  t	  =	  2.19,	  p	  =	  .03).	  	  In	  the	  absence	  of	  
evidence	  of	  significant	  associations	  between	  questionnaire	  scores	  and	  maternal	  education	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levels,	  no	  further	  steps	  in	  analysis	  were	  taken.	  Violin	  plots	  for	  each	  measure	  at	  Visit	  1	  and	  2	  
are	  provided	  in	  Appendices	  L	  through	  Q.	  
Table	  22.	  Correlational	  Analyses	  of	  Relationships	  between	  Maternal	  Educational	  Level	  and	  
questionnaire	  scores	  at	  Visit	  1	  
	   	  (Visit	  1	  Questionnaire	  scores;	  unstandardized	  B)	  
	   KIDI	   PSOC	  	   SSQ-­‐N	   SSQ-­‐S	  	   PMI	   PND	  


















































R2/R2adj	   .08/.02	   .03/-­‐.04	   .04/-­‐.02	   .06/-­‐.005	   .03/-­‐.03	   .06/.003	  
	  
Table	  23.	  Correlational	  Analyses	  of	  Relationships	  between	  Maternal	  Educational	  Level	  and	  
Questionnaire	  scores	  at	  Visit	  2	  
	   	  (Visit	  2	  Questionnaire	  scores;	  unstandardized	  B)	  
	   KIDI	   PSOC	  	   SSQ-­‐N	   SSQ-­‐S	  	   PMI	   PND	  


















































R2/R2adj	   .10/.04	   .04/-­‐.02	   .09/.03	   .07/.004	   .07/.009	   .08/.02	  






5.3	  Additional	  situational	  factors.	  
This	  section	  provides	  some	  supplementary	  information	  about	  the	  infants	  in	  this	  study,	  for	  
readers	  who	  may	  be	  interested.	  	  
5.3.1	  Birth	  order	  
LENA	  measures	  
Based	  on	  reports	  of	  higher	  LENA	  counts	  for	  first-­‐born	  children	  (Gilkerson	  &	  Richards,	  2009),	  
we	  checked	  for	  potential	  effects	  of	  birth	  order	  in	  the	  LENA	  data	  we	  collected.	  When	  we	  
compared	  first-­‐born	  children	  (n	  =	  23)	  and	  later-­‐born	  children	  (n	  =	  27)	  in	  our	  sample	  at	  6-­‐9	  
months,	  there	  were	  no	  significant	  differences	  in	  means	  for	  adult	  word	  count,	  t(47.80)	  =	  
1.16,	  p	  =	  .25,	  (95%	  CI:	  -­‐5644	  -­‐	  1514),	  conversational	  turn	  count,	  t(47.98)	  =	  1.22,	  p	  =	  .23,	  (95%	  
CI:	  -­‐128	  -­‐	  31),	  or	  child	  vocalisation	  count,	  t(47.81)	  =	  .36,	  p	  =	  .72,	  (95%	  CI:	  -­‐211	  -­‐	  302).	  We	  
compared	  first-­‐born	  children	  (n	  =	  22)	  and	  later-­‐born	  children	  (n	  =	  27)	  in	  our	  sample	  again	  at	  
12-­‐15	  months	  (see	  plots	  in	  Figures	  42-­‐44).	  	  A	  that	  age,	  we	  found	  that	  the	  average	  daily	  adult	  
word	  count	  for	  first-­‐born	  children	  (M	  =	  14,	  457)	  was	  significantly	  higher	  than	  it	  was	  for	  later-­‐
born	  children	  (M	  =	  11,	  591),	  a	  mean	  difference	  of	  2,	  866	  words	  daily,	  t(41.88)	  =	  2.23,	  p	  =.03,	  
95%	  CI[277,	  5455].	  On	  average,	  conversational	  turn	  counts	  for	  first-­‐born	  children	  (M	  =	  416)	  
were	  also	  significantly	  higher	  than	  for	  later-­‐born	  children	  (M	  =	  313),	  a	  daily	  mean	  difference	  
of	  103	  turns,	  t(44.21)	  =	  2.11,	  p	  =.04,	  95%	  CI[5,	  202].	  The	  average	  daily	  child	  vocalisation	  
count	  for	  later-­‐born	  children	  (M	  =	  1173)	  was	  lower	  than	  for	  first-­‐born	  children	  (M	  =	  1480),	  
however	  the	  mean	  difference	  of	  307	  vocalisations	  per	  day	  was	  not	  significant,	  t(39.99)	  =	  












Figure	  43	  Violin	  plots	  show	  Conversational	  Turn	  Counts	  at	  12-­‐15	  months	  for	  first-­‐born	  infants	  (left)	  and	  later-­‐






There	  is	  evidence	  to	  suggest	  first-­‐born	  children	  have	  more	  advanced	  lexical	  development	  
than	  later-­‐born	  children	  (e.g.	  Berglund	  et	  al.,	  2005;	  Hoff-­‐Ginsberg,	  1998).	  So,	  we	  also	  
checked	  for	  birth	  order	  differences	  in	  infants’	  vocabulary	  scores	  at	  12-­‐15	  months	  and	  19	  
months	  (see	  plots	  in	  Figures	  45	  and	  46).	  At	  12-­‐15	  months,	  there	  was	  no	  significant	  
difference	  in	  means	  between	  first-­‐born	  children	  (M	  =	  12.04)	  and	  later-­‐born	  children,	  (M	  =	  
12.65;	  t(45.97)	  =	  .24,	  p	  =	  .81,	  95%	  CI[-­‐5.73,	  4.51].	  At	  19	  months,	  mean	  vocabulary	  scores	  for	  
Figure	  44	  Violin	  plots	  show	  Child	  Vocalisation	  Counts	  at	  12-­‐15	  months	  for	  first-­‐born	  infants	  (left)	  and	  later-­‐
born	  infants	  (right).	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first-­‐born	  children	  (M	  =	  60.2)	  and	  later-­‐born	  children,	  (M	  =	  79.13)	  were	  still	  not	  significantly	  











5.3.2	  Day	  care	  
In	  Chapter	  3	  (Section	  3.3.1)	  we	  described	  infants’	  care	  arrangements,	  and	  saw	  some	  
differences	  between	  individual	  infants,	  and	  also	  changes	  across	  time.	  When	  infants	  were	  
aged	  6-­‐9	  months,	  42	  of	  the	  50	  were	  in	  the	  full-­‐time	  care	  of	  their	  parents.	  By	  the	  time	  they	  
were	  12-­‐15	  months	  old,	  only	  17	  were	  still	  in	  the	  full-­‐time	  care	  of	  their	  parents.	  At	  both	  ages,	  
some	  infants	  attended	  day	  care	  (part-­‐time	  or	  full-­‐time),	  others	  were	  being	  cared	  for	  by	  
relatives	  (typically	  one	  or	  more	  grandparents),	  and	  care	  for	  other	  infants	  included	  both	  
types	  of	  care.	  We	  tested	  the	  differences	  formally	  by	  conducting	  paired	  samples	  t-­‐tests	  for	  
each	  type	  of	  care.	  The	  average	  number	  of	  days	  infants	  attended	  day	  care	  had	  increased	  




significantly	  by	  12-­‐15	  months,	  t(49)	  =	  4.358,	  p	  <	  .001,	  as	  had	  the	  number	  of	  days	  infants	  
were	  in	  the	  care	  of	  family	  members,	  t(49)	  =	  3.716,	  p	  =	  .001.	  Overall,	  the	  total	  number	  of	  
days	  infants	  were	  cared	  for	  by	  others	  had	  increased	  significantly,	  t(49)	  =	  6.923,	  p	  <	  .0001.	  
We	  also	  assessed	  associations	  between	  care	  arrangements	  and	  maternal	  education	  across	  
time.	  We	  carried	  out	  mixed	  ANOVAs	  to	  compare	  the	  main	  effects	  of	  maternal	  education	  
level	  (<high	  school,	  high	  school,	  degree,	  postgrad),	  infant	  age	  (6-­‐9	  months,	  12-­‐15	  months),	  
and	  the	  interaction	  effect	  between	  maternal	  education	  and	  age,	  on	  the	  number	  of	  days	  
infants	  were	  in	  the	  care	  of	  others.	  As	  can	  be	  seen	  in	  Table	  24,	  there	  was	  a	  significant	  main	  
effect	  of	  age	  for	  days	  in	  care	  [F(1,	  92)	  =	  13.83,	  p	  =	  .0003],	  days	  with	  family	  member	  [F(1,	  92)	  	  
=	  8.41,	  p	  =	  .	  003],	  and	  total	  days	  in	  care	  [F(1,	  92)	  	  =	  33.54,	  p	  <	  .0001].	  	  However,	  there	  was	  
no	  main	  effect	  of	  education,	  and	  no	  significant	  interaction	  of	  education	  level	  by	  age.	  So,	  
although	  care	  arrangements	  were	  changing	  over	  time,	  they	  did	  not	  appear	  to	  be	  changing	  
differently	  for	  particular	  groups	  of	  infants.	  Thus,	  it	  seems	  unlikely	  that	  differences	  in	  care	  
arrangements	  would	  be	  contributing	  to	  any	  maternal	  education	  effects	  we	  observed	  in	  the	  
data.
Table	  24.	  Analysis	  of	  Variance	  of	  Care	  Arrangements	  Across	  Two	  Ages	  in	  Relation	  to	  
Maternal	  Education	  Level	  
	   ANOVA	  summary	  
	   df	   SS	   MS	   F	   p	  
Days	  in	  Day	  Care	   	   	   	   	   	  
Education	   3	   4.83	   1.61	   1.10	   .35	  
Age	   1	   20.25	   20.25	   13.83	   .0003	  
Education*Age	   3	   6.32	   2.11	   1.44	   .23	  
Days	  with	  Family	  Member	   	   	   	   	   	  
Education	   3	   .45	   .15	   .18	   .91	  
Age	   1	   8.41	   8.41	   10.05	   .003	  
Education*Age	   3	   .13	   .04	   .05	   .98	  
Total	  Days	  in	  Care	   	   	   	   	   	  
Education	   3	   2.92	   0.97	   0.60	   .62	  
Age	   1	   54.76	   54.76	   33.54	   <.0001	  




We	  also	  carried	  out	  a	  series	  of	  correlation	  analyses	  (including	  lagged	  correlations)	  to	  
assess	  infants’	  vocabulary	  scores	  in	  relation	  to	  care	  arrangements,	  for	  the	  48	  infants	  whose	  
data	  we	  analysed	  in	  Chapter	  4.	  Results	  of	  those	  analyses	  are	  summarised	  in	  Table	  25.	  At	  12-­‐
15	  months,	  the	  total	  number	  days	  per	  week	  infants	  were	  currently	  in	  the	  care	  of	  caregivers	  
other	  than	  their	  parents	  was	  significantly	  associated	  with	  higher	  OZI	  scores	  at	  that	  age,	  R2	  =	  
.14,	  F	  (1,	  46)	  =	  7.65,	  p	  =	  .008.	  Looking	  at	  the	  associations	  with	  the	  type	  of	  care	  infants	  were	  
in	  at	  that	  age	  (Table	  25),	  it	  seems	  like	  the	  significant	  association	  was	  perhaps	  more	  to	  do	  
with	  time	  infants	  spent	  in	  the	  care	  of	  family	  members,	  than	  it	  was	  to	  do	  with	  time	  spent	  in	  
day	  care.	  	  At	  19	  months,	  the	  number	  of	  days	  per	  week	  infants	  had	  been	  cared	  for	  by	  family	  
members	  at	  12-­‐15	  months	  was	  the	  source	  of	  the	  only	  significant	  association	  with	  infants’	  
OZI	  scores	  at	  that	  age,	  R2	  =	  .14,	  F	  (1,	  46)	  =	  7.73,	  p	  =	  .008.	  
	  
Table	  25.	  Correlation	  analysis	  of	  vocabulary	  at	  12-­‐15	  months	  and	  19	  months	  in	  relation	  to	  
care	  arrangements	  at	  6-­‐9	  months	  and	  12-­‐15	  months	  
	   Infants’	  OZI	  scores	  
	   12-­‐15	  months	   	   19	  months	  
Care	  Arrangements	   R2	   F	   p	   	   R2	   F	   p	  
6-­‐9	  months	   	   	   	   	   	   	   	  
Day	  Care	   .06	   2.78	   .10	   	   .004	   0.19	   .66	  
Family	  Member	   .02	   0.88	   .35	   	   .009	   0.42	   .52	  
Total	  Days	  in	  Care	   .07	   3.67	   .06	   	   <.0001	   <.0001	   .99	  
	   	   	   	   	   	   	   	  
12-­‐15	  months	   	   	   	   	   	   	   	  
Day	  Care	   .04	   1.80	   .19	   	   .001	   .05	   .82	  
Family	  Member	   .06	   2.98	   .09	   	   .14	   7.73	   .008	  
Total	  Days	  in	  Care	   .14	   7.65	   .008	   	   .06	   2.96	   .09	  
	  
5.3.3	  What	  about	  the	  dads?	  	  
LENA	  counts	  
Maternal	  education	  is	  the	  key	  variable	  of	  interest	  in	  this	  study,	  and	  all	  key	  outcome	  
variables	  have	  been	  discussed	  in	  relation	  to	  it,	  but	  some	  readers	  may	  be	  curious	  to	  know	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what	  role	  fathers’	  education	  might	  contribute	  to	  our	  understanding	  in	  the	  current	  context.	  
Because	  mothers’	  education	  was	  the	  focus	  here,	  the	  information	  we	  collected	  about	  
fathers’	  educational	  experience	  lacked	  the	  detail	  we	  collected	  about	  mothers’	  educational	  
experience.	  Furthermore,	  no	  attempt	  was	  made	  balance	  paternal	  education	  within	  our	  
sample.	  However,	  we	  did	  have	  enough	  information	  to	  be	  able	  to	  categorise	  fathers	  into	  the	  
two	  groups	  we	  originally	  defined	  for	  mothers;	  that	  is,	  with	  attainment	  of	  a	  university	  degree	  
as	  the	  dividing	  line.	  As	  illustrated	  in	  Figure	  47,	  many	  more	  fathers	  in	  the	  sample	  were	  
classified	  into	  the	  lower	  education	  group.	  We	  then	  carried	  out	  a	  series	  of	  analyses	  to	  




To	  begin	  with,	  we	  carried	  out	  Welch	  t-­‐tests	  to	  compare	  LENA	  counts	  at	  two	  ages	  
between	  the	  two	  paternal	  education	  groups	  (of	  unequal	  size).	  The	  results	  of	  those	  
comparisons	  are	  summarised	  in	  Table	  26.	  As	  the	  table	  shows,	  the	  only	  significant	  difference	  
was	  for	  adult	  word	  count	  at	  12-­‐15	  months,	  where	  compared	  to	  infants	  in	  the	  lower	  
Figure	  47	  Graph	  depicts	  fathers’	  level	  of	  educational	  attainment	  in	  the	  sample.	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education	  group	  (M	  =	  12094,	  SD	  =	  4066),	  daily	  counts	  for	  infants	  in	  the	  higher	  paternal	  
education	  group	  (M	  =	  16630,	  SD	  =	  5595)	  were	  on	  average	  4536	  word	  higher,	  t(13.21)	  =	  2.5,	  
p	  =	  .03.	  	  
Infant	  vocabulary	  
We	  also	  carried	  out	  Welch	  t-­‐tests	  to	  compare	  12-­‐15	  month	  and	  19	  month	  vocabulary	  scores	  
for	  the	  48	  infants	  whose	  data	  we	  analysed	  in	  Chapter	  4.	  At	  12-­‐15	  months,	  scores	  for	  infants	  
in	  the	  higher	  paternal	  education	  group	  (M	  =	  13.7,	  SD	  =	  9.4)	  and	  infants	  in	  the	  lower	  paternal	  
education	  group	  (M	  =	  11.98,	  SD	  =	  8.65)	  did	  not	  differ	  significantly	  (MD	  =	  1.72;	  t(14.24)	  =	  .53,	  
p	  =	  .61,	  95%	  CI	  [-­‐8.81,	  5.36	  ]).	  At	  19	  months,	  scores	  for	  infants	  in	  the	  higher	  paternal	  
education	  group	  (M	  =	  68.90,	  SD	  =	  59.81)	  did	  not	  differ	  significantly	  (MD	  =	  .47;	  t(14.24)	  =	  .02,	  
p	  =	  .98,	  95%	  CI	  [-­‐45.15,	  46.09	  ])	  from	  infants	  in	  the	  lower	  paternal	  education	  group	  (M	  =	  
69.37,	  SD	  =	  60.47)
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Table	  26.	  Group	  means	  for	  LENA	  measures	  at	  6-­‐9	  months	  and	  12-­‐15	  months	  in	  Relation	  to	  
Fathers’	  Education	  
	   Mean	  (SD)	   Mean	  
difference	  










(n	  =	  11)	  
	   	   	   	  
Lower	   Upper	  
Adult	  Words	   	   	   	   	   	   	   	   	  




4796	   1.82	   12.56	   .09	   -­‐10500	   909	  




4536	   2.50	   13.207	   .03	   -­‐8443	   -­‐629	  
Conversational	  
Turns	  	  
	   	   	   	   	   	   	   	  




110	   1.95	   12.90	   .07	   -­‐234	   12	  




109	   1.97	   18.83	   .06	   -­‐224	   7	  
Child	  
Vocalisation	  
	   	   	   	   	   	   	   	  




187	   1.17	   15.29	   .26	   -­‐528	   154	  




194	   1.06	   22.96	   .30	   -­‐572	   184	  
	  
5.3.4	  Combined	  parental	  education	  
To	  examine	  the	  role	  of	  fathers’	  education	  a	  little	  further,	  we	  also	  carried	  out	  some	  analyses	  
in	  which	  we	  included	  both	  parents’	  level	  of	  education.	  First,	  as	  illustrated	  in	  Figure	  48,	  we	  
categorised	  infants	  into	  four	  groups:	  in	  Group	  1	  (n	  =	  21),	  neither	  parent	  had	  attained	  a	  
degree;	  in	  Group	  2	  (n	  =	  18),	  mothers	  had	  attained	  a	  degree	  but	  fathers	  had	  not	  (n	  =	  4);	  in	  
Group	  3,	  fathers	  had	  attained	  a	  degree	  but	  mothers	  had	  not;	  and	  in	  Group	  4,	  both	  parents	  
had	  attained	  a	  degree	  (n	  =	  7).	  This	  grouping	  was	  partially	  in	  response	  to	  an	  earlier	  study	  that	  
had	  assessed	  the	  productive	  vocabulary	  of	  16-­‐	  and	  20-­‐month-­‐olds	  (using	  the	  Macarthur	  CDI)	  
in	  relation	  to	  both	  parents’	  education	  (Hupp	  et	  al.,	  2011).	  For	  each	  parent,	  they	  defined	  
parental	  education	  level	  as	  we	  did	  in	  our	  earlier	  analyses,	  namely,	  by	  whether	  or	  not	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parents	  had	  attained	  a	  university	  degree.	  Hupp	  et	  al.	  reported	  an	  interaction	  between	  
mothers’	  and	  fathers’	  level	  of	  education	  that	  they	  found	  puzzling.	  Specifically,	  children	  had	  
higher	  CDI	  scores	  when	  one	  parent	  (regardless	  of	  which	  parent)	  held	  a	  degree	  qualification	  
and	  the	  other	  did	  not,	  than	  when	  parents’	  education	  levels	  were	  equivalent.	  Thus,	  the	  
authors	  suggested	  that	  averaging	  parents’	  level	  of	  education	  could	  result	  in	  missing	  valuable	  
contributing	  information.	  	  They	  also	  speculated	  that	  one	  possible	  explanation	  for	  the	  finding	  
could	  be	  to	  do	  with	  differences	  in	  the	  language	  environment	  parents	  were	  providing.	  We	  
had	  data	  that	  would	  allow	  us	  to	  explore	  that	  possibility,	  at	  least	  in	  terms	  of	  the	  quantity	  of	  





Using	  Group	  1	  as	  a	  reference	  group,	  we	  analysed	  our	  LENA	  measures	  at	  both	  ages	  in	  
relation	  to	  the	  four	  groups.	  Group	  means	  and	  standard	  deviations	  for	  LENA	  measures	  at	  
both	  ages	  are	  provided	  in	  Table	  27.	  A	  summary	  of	  results	  is	  provided	  in	  Table	  28.	  Parental	  




education	  level	  accounted	  for	  a	  significant	  proportion	  of	  variance	  in	  adult	  word	  counts	  at	  6-­‐
9	  months	  (R2	  =	  .25,	  R2adj	  =	  .20,	  F	  (3,	  46)	  =	  5.26,	  p	  =	  .004)	  and	  at	  12-­‐15	  months	  (R2	  =	  .29,	  R2adj	  =	  
.24,	  F	  (3,	  45)	  =	  5.99,	  p	  =	  .002).	  Parental	  education	  level	  also	  accounted	  for	  a	  significant	  
proportion	  of	  variance	  in	  conversational	  turn	  counts	  at	  6-­‐9	  months	  (R2	  =	  .26,	  R2adj	  =	  .21,	  F	  (3,	  
46)	  =	  5.26,	  p	  =	  .003)	  and	  at	  12-­‐15	  months	  (R2	  =	  .17,	  R2adj	  =	  .12,	  F	  (3,	  45)	  =	  3.15,	  p	  =	  .03).	  	  
As	  shown	  by	  adult	  word	  counts,	  compared	  to	  households	  in	  which	  neither	  parent	  
held	  a	  degree	  qualification	  (Group	  1),	  households	  in	  which	  both	  parents	  had	  attained	  a	  
degree	  (Group	  4)	  were	  significantly	  more	  talkative	  around	  their	  infants	  at	  6-­‐9	  months	  (B	  =	  
9444,	  t	  =	  3.79,	  p	  =	  .0004)	  and	  at	  12-­‐15	  months	  (B	  =	  7712.6,	  t	  =	  4.20,	  p	  =	  .0002).	  	  	  Compared	  
to	  Group	  1,	  Group	  4	  also	  had	  significantly	  higher	  conversational	  turn	  counts	  at	  6-­‐9	  months	  
(B	  =	  216.26,	  t	  =	  3.89,	  p	  =	  .0003)	  and	  12-­‐15	  months	  (B	  =	  219.08,	  t	  =	  2.94,	  p	  =	  .005).	  
Furthermore,	  from	  a	  visual	  inspection	  of	  the	  data	  (see	  Tables	  27	  and	  28)	  it	  can	  be	  seen	  that	  
the	  two	  groups	  in	  which	  mothers	  had	  attained	  degrees	  (Groups	  2	  and	  4)	  were	  the	  ones	  in	  




Table	  27.	  Group	  means	  for	  LENA	  measures	  at	  6-­‐9	  and	  12-­‐15	  months	  in	  Relation	  to	  Both	  
Parents’	  Education	  
	   Mean	  (SD)	  
LENA	  12-­‐hour	  
projections	  
1.	  Mum	  no	  
degree	  /	  Dad	  no	  
degree	  
	  (n	  =	  21)	  
2.	  Mum	  degree	  /	  
Dad	  no	  degree	  
	  
(n	  =	  18)	  
3.	  Mum	  no	  
degree	  /	  Dad	  
degree	  
(n	  =	  4)	  
4.	  Mum	  
degree	  /	  Dad	  
degree	  	  
(n	  =	  7)	  
Adult	  Words	   	   	   	   	  
















Conversational	  Turns	  	   	   	   	   	  
















Child	  Vocalisation	   	   	   	   	  




















Table	  28.	  Correlational	  Analyses	  of	  Relationships	  between	  LENA	  measures	  and	  Parental	  
Education	  Level	  
	   	  (LENA	  daily	  counts;	  unstandardized	  B)	  
	   Adult	  Words	   Conversational	  Turns	   Child	  Vocalisation	  
	   6-­‐9m	   12-­‐15m	   6-­‐9m	   12-­‐15m	   6-­‐9m	   12-­‐15m	  
Reference:	  	  
1.	  Mum	  no	  





























3.	  Mum	  no	  





























	   	   	   	   	   	   	  
R2/R2adj	   .25/.20**	   .29/.24**	   .26/.21**	   .17/.12*	   .05/-­‐.01	   .05/-­‐.01	  




Next,	  we	  assessed	  vocabulary	  scores	  in	  relation	  to	  the	  four	  parental	  education	  groups,	  for	  
the	  48	  infants	  whose	  data	  we	  analysed	  in	  Chapter	  4.	  Descriptive	  statistics	  are	  provided	  in	  
Table	  29.	  Once	  again,	  we	  used	  Group	  1	  (mum	  no	  degree	  /	  dad	  no	  degree)	  as	  a	  reference	  
group.	  The	  results	  of	  those	  analyses,	  summarised	  in	  Table	  30,	  indicated	  no	  overall	  significant	  
association	  between	  parents’	  combined	  education	  levels	  and	  infants’	  vocabulary	  at	  either	  
age.	  Nor	  did	  they	  indicate	  any	  significant	  differences	  between	  the	  reference	  group	  and	  any	  
other	  particular	  group.	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Table	  29.	  Descriptive	  statistics	  for	  infant	  vocabulary	  scores	  at	  12-­‐15	  months	  and	  19	  months	  
(groups	  represent	  4	  combinations	  of	  parental	  educational	  attainment)	  
OZI	  score	  
1.	  Mum	  no	  
degree	  /	  Dad	  no	  
degree	  
	  (n	  =	  20)	  
2.	  Mum	  degree	  /	  
Dad	  no	  degree	  
(n	  =	  18)	  
3.	  Mum	  no	  
degree	  /	  Dad	  
degree	  
(n	  =	  4)	  
4.	  Mum	  degree	  /	  
Dad	  degree	  
	  (n	  =	  6)	  
12-­‐15	  months	   	   	   	   	  
Min-­‐Max	  	   0	  –	  32	   3	  -­‐	  31	   10	  -­‐	  18	   0	  -­‐	  332	  
Mean	  (SD)	   10.20	  (7.73)	   13.94	  (9.38)	   15.25	  (3.77)	   12.67	  (12.14)	  
19	  months	   	   	   	   	  
Min-­‐Max	   13	  -­‐	  171	   10	  -­‐	  218	   52	  -­‐	  103	   13	  -­‐	  213	  
Mean	  (SD)	   55.45	  (48.80)	   84.83	  (69.39)	   67.00	  (21.75)	   66.67	  (78.35)	  
2	  Score	  adjusted	  for	  one	  outlier	  (z-­‐score	  >	  3.29)	  at	  12-­‐15	  months.	  	  
	  
Table	  30.	  Correlation	  Analyses	  of	  infant	  vocabulary	  scores	  at	  12-­‐15	  months	  and	  19	  months	  in	  
relation	  to	  four	  combinations	  of	  parental	  educational	  attainment	  
	  
(OZI	  scores;	  unstandardized	  B)	  
12-­‐15	   19	  
Reference	  group:	  	  	  
1.	  Mum	  no	  degree	  /	  Dad	  no	  degree	  
B	  (SE)	   B	  (SE)	  
2.	  Mum	  degree	  /	  Dad	  no	  degree	   3.74	  (2.86)	   29.38	  (19.54)	  
3.	  Mum	  no	  degree	  /	  Dad	  degree	   5.05	  (4.82)	   16.80	  (32.95)	  
4.	  Mum	  degree	  /	  Dad	  degree	   2.47	  (4.10)	   11.22	  (28.00)	  
Model	  R2/R2adj	   .05/-­‐.02	   .05/-­‐.02	  
5.4	  Discussion	  
The	  main	  objective	  of	  this	  chapter	  was	  to	  identify	  additional	  factors	  that	  could	  be	  
informative	  when	  considering	  associations	  between	  maternal	  education	  and	  children’s	  early	  
vocabulary	  development.	  In	  Section	  5.1	  we	  examined	  mothers’	  cognitive	  abilities	  as	  
potentially	  mediating	  factors	  in	  the	  current	  context.	  Our	  results	  revealed	  significant	  
correlations	  between	  mothers’	  level	  of	  educational	  attainment	  and	  their	  verbal	  (VCI)	  and	  
non-­‐verbal	  (PRI)	  IQ	  scores.	  Compared	  to	  mothers	  who	  had	  not	  completed	  high	  school,	  
mothers	  with	  any	  higher	  level	  of	  education	  had	  higher	  non-­‐verbal	  IQ	  scores,	  on	  average.	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Mothers	  who	  attained	  a	  university	  degree	  had	  higher	  mean	  verbal	  IQ	  scores	  than	  mothers	  
who	  had	  not	  completed	  high	  school.	  However,	  verbal	  IQ	  scores	  for	  mothers	  who	  had	  
completed	  high	  school	  (but	  not	  university)	  did	  not	  differ	  significantly	  from	  mothers	  who	  had	  
not	  completed	  high	  school.	  	  
In	  our	  next	  step	  in	  analysis,	  we	  saw	  no	  significant	  overall	  association	  between	  
mothers’	  verbal	  or	  non-­‐verbal	  IQ	  scores	  and	  infants’	  vocabulary	  scores	  at	  12-­‐15	  months	  or	  
19	  months.	  In	  further	  exploratory	  multiple	  regression	  analyses,	  we	  found	  that	  adding	  
mothers’	  verbal	  and	  non-­‐verbal	  scores	  to	  education	  level	  as	  predictors	  of	  infants’	  
vocabulary	  scores	  had	  little	  impact	  on	  prediction	  models.	  We	  did,	  however,	  observe	  a	  
significant	  interaction	  between	  education	  level	  and	  mothers’	  verbal	  IQ	  scores	  at	  12-­‐15	  
months,	  at	  the	  ‘degree’	  level	  only.	  What	  the	  finding	  means	  remains	  unclear.	  It	  was	  
interesting,	  though,	  particularly	  when	  considered	  alongside	  our	  earlier	  finding	  that,	  unlike	  
the	  ‘high	  school’	  and	  ‘postgrad’	  groups,	  the	  ‘degree’	  group	  stood	  out	  as	  the	  only	  group	  
whose	  vocabulary	  scores	  did	  not	  differ	  significantly	  from	  scores	  in	  the	  ‘less	  than	  high	  school’	  
group	  (see	  Section	  4.6).	  The	  two	  findings	  may	  or	  not	  be	  related,	  but	  it	  was	  interesting	  
nonetheless,	  and	  may	  warrant	  further	  investigation.	  	  
We	  also	  assessed	  correlations	  between	  mothers’	  verbal	  and	  non-­‐verbal	  IQ	  scores	  
and	  LENA	  counts.	  We	  saw	  positive	  associations	  between	  mothers’	  non-­‐verbal	  (but	  not	  
verbal)	  IQ	  scores	  and	  adult	  word	  counts	  at	  both	  ages,	  and	  both	  IQ	  measures	  were	  
associated	  with	  conversational	  turns	  and	  infant	  vocalisation,	  but	  at	  12-­‐15	  months	  only.	  As	  
we	  saw	  in	  Chapter	  3,	  conversational	  turn	  counts,	  but	  not	  adult	  word	  counts,	  were	  significant	  
predictors	  of	  infants’	  later	  vocabulary	  scores.	  Thus,	  our	  data	  suggest	  an	  indirect	  association	  
between	  mothers’	  cognitive	  abilities	  and	  infants’	  early	  language	  development	  via	  verbal	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interaction	  in	  the	  second	  year.	  However,	  significant	  associations	  between	  mothers’	  IQ	  
scores	  and	  conversational	  turn	  counts	  (and	  also	  child	  vocalisation	  counts)	  were	  not	  evident	  
until	  12-­‐15	  months,	  whereas	  our	  earlier	  results	  showed	  significant	  associations	  between	  
maternal	  education	  and	  conversational	  turn	  counts	  six	  months	  earlier.	  So,	  our	  data	  suggest	  
that	  before	  the	  infants	  in	  our	  sample	  had	  begun	  to	  talk,	  some	  other	  factor	  related	  to	  
maternal	  education,	  which	  could	  not	  be	  accounted	  for	  by	  mothers’	  verbal	  or	  non-­‐verbal	  
cognitive	  abilities,	  contributed	  to	  the	  amount	  of	  verbal	  interaction	  in	  which	  they	  were	  
engaged.	  
Next,	  we	  examined	  associations	  between	  maternal	  education	  and	  data	  from	  a	  
number	  of	  questionnaires	  mothers	  had	  completed	  (i.e.	  the	  KIDI,	  PSOC,	  PMI,	  EPDS,	  and	  
SSQ6).	  We	  thought	  it	  possible,	  were	  scores	  on	  any	  of	  the	  measures	  associated	  with	  
maternal	  education	  levels,	  they	  might	  also	  help	  to	  explain	  differences	  in	  patterns	  of	  family	  
communication.	  However,	  our	  results	  (see	  Section	  5.2)	  showed	  no	  significant	  overall	  
associations	  between	  educational	  attainment	  and	  mothers’	  scores	  on	  any	  of	  the	  
questionnaires.	  	  The	  only	  significant	  difference	  to	  emerge	  from	  the	  data	  was	  that	  mothers	  in	  
the	  ‘high	  school’	  group	  demonstrated	  more	  knowledge	  about	  infant	  development	  than	  
mothers	  in	  the	  ‘less	  than	  high	  school’	  group,	  the	  second	  time	  they	  completed	  the	  
questionnaire,	  but	  mothers	  in	  the	  higher	  education	  groups	  did	  not.	  Thus,	  overall,	  the	  
questionnaire	  data	  we	  collected	  was	  not	  particularly	  informative	  in	  the	  current	  context.	  	  
In	  Section	  5.3,	  we	  delved	  into	  an	  examination	  of	  some	  situational	  factors	  that	  could	  
potentially	  help	  to	  explain	  individual	  differences	  among	  the	  sample	  of	  infants	  we	  studied,	  
beginning	  with	  birth	  order.	  Our	  data	  showed	  no	  significant	  differences	  in	  quantity	  of	  
language	  experience	  between	  first-­‐born	  and	  later-­‐born	  infants	  at	  6-­‐9	  months.	  At	  12-­‐15	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months,	  however,	  first-­‐born	  children	  were	  exposed	  to	  an	  average	  of	  2,	  866	  words	  more	  
words	  per	  day,	  and	  were	  involved	  in	  around	  100	  more	  conversational	  interactions	  per	  day.	  
Our	  findings	  in	  that	  regard	  are	  congruent	  with	  evidence	  from	  previous	  research	  using	  the	  
LENA	  system	  (Gilkerson	  &	  Richards,	  2009).	  However,	  when	  we	  examined	  infants’	  OZI	  scores,	  
we	  saw	  no	  evidence	  of	  advanced	  vocabulary	  development	  in	  first-­‐born	  children,	  compared	  
to	  later-­‐born	  children.	  Thus,	  our	  findings	  regarding	  vocabulary	  were	  in	  contrast	  to	  other	  
previous	  research	  (e.g.	  Berglund	  et	  al.,	  2005;	  Hoff-­‐Ginsberg,	  1998).	  	  
We	  then	  examined	  infants’	  care	  arrangements,	  to	  assess	  the	  extent	  to	  which	  
individual	  differences	  and	  changes	  across	  time	  might	  help	  to	  explain	  maternal	  education	  
effects	  we	  had	  observed.	  Although	  infants	  were	  spending	  significantly	  more	  days	  per	  week	  
with	  other	  caregivers	  (i.e.	  not	  their	  parents)	  as	  they	  got	  older,	  the	  increases	  we	  saw	  did	  not	  
appear	  to	  be	  related	  to	  maternal	  education.	  When	  we	  assessed	  vocabulary	  scores	  in	  
relation	  to	  care	  arrangements,	  we	  saw	  significant	  positive	  associations	  across	  the	  whole	  
sample	  between	  infants’	  OZI	  scores	  at	  12-­‐15	  months	  and	  the	  total	  number	  of	  days	  per	  week	  
infants	  were	  in	  care	  (any	  type)	  at	  that	  age.	  Additionally,	  the	  number	  of	  days	  per	  week	  
infants	  were	  cared	  for	  by	  family	  members	  (typically	  grandparents,	  for	  this	  sample)	  at	  12-­‐15	  
months	  was	  a	  significant	  predictor	  of	  higher	  vocabulary	  scores	  at	  19	  months,	  whereas	  the	  
number	  of	  days	  infants	  were	  in	  day	  care	  was	  not.	  	  
In	  our	  last	  set	  of	  analyses,	  we	  explored	  the	  potential	  role	  of	  fathers’	  education	  level	  in	  the	  
current	  research	  context.	  When	  we	  assessed	  the	  quantity	  of	  infants’	  early	  language	  
experience,	  the	  only	  aspect	  that	  differed	  significantly	  in	  relation	  to	  paternal	  education	  level	  
was	  adult	  word	  count.	  We	  also	  compared	  infants’	  vocabulary	  in	  relation	  to	  paternal	  
education	  level,	  and	  saw	  no	  significant	  group	  differences.	  We	  then	  combined	  parents’	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education	  levels	  and	  assessed	  LENA	  counts	  and	  infants’	  OZI	  scores	  in	  relation	  to	  four	  
parental	  education	  groups.	  In	  line	  with	  what	  we	  observed	  for	  maternal	  education	  in	  Chapter	  
3,	  parental	  education	  was	  positively	  associated	  with	  adult	  word	  counts	  and	  conversational	  
turn	  counts,	  but	  not	  child	  vocalisation.	  The	  association	  appeared	  to	  be	  driven	  by	  a	  
significant	  difference	  between	  Group	  1	  (both	  parents:	  no	  degree)	  and	  Group	  4	  (both	  
parents:	  degree).	  This	  suggests	  that	  in	  households	  where	  both	  parents	  held	  university	  
qualifications,	  infants	  received	  the	  greatest	  amount	  of	  speech	  input,	  both	  through	  
overheard	  speech	  and	  verbal	  interaction.	  We	  saw	  no	  overall	  association	  between	  parental	  
education	  level	  and	  infants’	  vocabulary	  scores;	  nor	  did	  we	  see	  any	  significant	  differences	  
between	  the	  reference	  group	  (1)	  and	  any	  other	  group.	  It	  is	  interesting	  to	  note,	  however,	  
that	  if	  we	  look	  at	  the	  coefficients	  in	  Table	  30	  the	  pattern	  does	  appear	  to	  follow	  a	  similar	  
pattern	  to	  that	  described	  by	  Hupp	  et	  al.	  (2011).	  	  	  
Conclusions	  	  
From	  the	  factors	  we	  have	  examined	  in	  this	  chapter,	  it	  seems	  that	  mothers’	  cognitive	  ability	  
plays	  a	  role	  in	  infants’	  early	  language	  development	  via	  quantitative	  aspects	  of	  infants’	  early	  
language	  experience,	  and	  this	  may	  mediate	  the	  relationship	  between	  maternal	  education	  
and	  early	  language	  development.	  However,	  the	  association	  between	  maternal	  education	  
and	  verbal	  interaction	  in	  the	  second	  half	  of	  the	  first	  year	  appeared	  to	  be	  related	  to	  
something	  other	  than	  mothers’	  IQ.	  Our	  questionnaire	  data	  do	  not	  provide	  support	  for	  a	  
mediating	  role	  of	  mothers’	  knowledge	  of	  child	  development,	  feelings	  of	  self-­‐efficacy,	  levels	  
of	  social	  support,	  or	  their	  emotional/psychological	  well-­‐being	  in	  the	  current	  research	  
context.	  We	  saw	  some	  effects	  of	  birth	  order	  in	  terms	  of	  infants’	  language	  experience,	  but	  
they	  were	  not	  reflected	  in	  differences	  in	  infant’s	  vocabulary,	  so	  birth	  order	  was	  unlikely	  to	  
play	  a	  key	  role	  in	  the	  current	  context.	  Since	  any	  associations	  we	  observed	  involving	  infants’	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care	  arrangements	  did	  not	  appear	  to	  be	  related	  to	  maternal	  education,	  it	  is	  also	  unlikely	  to	  
have	  been	  an	  influential	  factor	  in	  this	  context.	  Finally,	  our	  analysis	  of	  the	  key	  child	  outcomes	  
in	  relation	  to	  fathers’	  education	  in	  addition	  to	  mothers’	  education	  did	  not	  contribute	  much	  
to	  our	  understanding,	  beyond	  what	  could	  be	  explained	  by	  mothers’	  education	  level.	  In	  the	  
next	  chapter,	  we	  will	  draw	  together	  key	  evidence	  from	  our	  all	  aspects	  of	  our	  longitudinal	  
investigation	  to	  see	  what	  story	  it	  tells.	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Chapter	  6:	  General	  discussion	  
The	  thesis	  began	  by	  considering	  two	  proposals	  based	  on	  the	  existing	  literature,	  the	  first,	  
that	  socioeconomic	  advantage	  is	  linked	  to	  better	  child	  language	  outcomes	  starting	  early	  in	  
life	  (e.g.	  Fernald,	  Marchman,	  &	  Weisleder,	  2013;	  Noble	  et	  al.,	  2015),	  and	  the	  second,	  that	  
children’s	  vocabulary	  is	  one	  aspect	  of	  language	  that	  seems	  to	  be	  particularly	  sensitive	  to	  the	  
influence	  of	  SES	  (Hoff,	  2013;	  Noble	  et	  al.,	  2005).	  The	  literature	  makes	  clear	  that	  the	  quality	  
and	  quantity	  of	  children’s	  linguistic	  experience	  can	  help	  to	  explain	  SES-­‐related	  variance	  in	  
trajectories	  of	  early	  language	  development	  (e.g.	  Fernald	  et	  al.,	  2013;	  Hirsh-­‐Pasek	  et	  al.,	  
2015;	  Pan	  et	  al.,	  2005).	  However,	  to	  date,	  most	  studies	  have	  focused	  on	  children	  during	  the	  
second	  year	  of	  life	  and	  beyond,	  when	  they	  already	  talking,	  so	  studies	  examining	  the	  
relationship	  in	  the	  first	  year	  of	  life	  are	  sparse	  (Betancourt	  et	  al.,	  2015;	  Cates	  et	  al.,	  2012;	  
Vanormelingen	  &	  Gillis,	  2016).This	  thesis	  aimed	  to	  add	  to	  the	  literature	  by	  providing	  a	  
deeper	  empirical	  understanding	  of	  the	  relationship	  between	  maternal	  education	  and	  early	  
language	  development	  for	  Australian	  infants,	  beginning	  in	  the	  first	  year	  of	  life.	  Through	  a	  
longitudinal	  investigation	  that	  focused	  on	  naturalistic	  speech	  as	  it	  occurred	  in	  infants’	  early	  
language	  environment	  at	  home,	  we	  sought	  to	  identify	  mediating	  processes	  that	  could	  help	  
to	  explain	  the	  relationship.	  The	  central	  research	  questions	  we	  addressed	  were:	  	  
1.   To	  what	  extent	  is	  maternal	  education	  related	  to	  children’s	  early	  language	  
experiences	  at	  home?	  
2.   To	  what	  extent	  does	  the	  quantity	  of	  infants’	  earlier	  language	  experience	  mediate	  any	  
observed	  associations	  between	  maternal	  education	  and	  infants’	  early	  expressive	  
vocabulary?	  	  	  
3.   What	  other	  maternal	  factors	  might	  play	  a	  role	  in	  those	  associations?	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To	  remind	  readers,	  in	  our	  conceptual	  model	  (included	  again	  here	  in	  Figure	  49)	  we	  identified	  
two	  potential	  pathways	  through	  which	  maternal	  education	  might	  exert	  an	  influence	  on	  
language	  development.	  One	  pathway	  was	  via	  early	  language	  input;	  the	  second	  pathway	  was	  




6.1	  Summary	  of	  key	  findings	  
In	  our	  initial	  approach	  to	  determining	  how	  maternal	  education	  might	  influence	  language	  
development,	  we	  specified	  two	  levels	  of	  maternal	  education,	  with	  mothers’	  attainment	  of	  a	  
university	  degree	  comprising	  the	  dividing	  line	  between	  two	  groups	  of	  infants.	  We	  examined	  
the	  naturalistic	  speech	  data,	  extracted	  from	  day-­‐long	  recordings	  of	  the	  audio	  environment	  
in	  infants’	  homes,	  through	  the	  lens	  of	  those	  two	  groups.	  Our	  analyses	  uncovered	  some	  
distinct	  differences	  between	  the	  two	  groups.	  Firstly,	  the	  data	  showed	  that	  infants	  of	  
university	  educated	  mothers	  were,	  on	  average,	  exposed	  to	  around	  3000-­‐4000	  more	  words	  
in	  overheard	  speech	  per	  day,	  compared	  to	  infants	  of	  mothers	  with	  lower	  levels	  of	  
Figure	  49	  Conceptual	  model	  of	  potential	  mechanisms	  in	  the	  link	  between	  maternal	  
education	  and	  children’s	  expressive	  vocabulary	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education.	  The	  finding	  is	  in	  line	  with	  earlier	  SES	  literature	  regarding	  more	  educated	  parents	  
generally	  being	  more	  talkative	  (e.g.	  Hart	  &	  Risley,	  1992).	  Our	  second,	  and	  more	  important,	  
finding	  was	  that	  even	  in	  the	  months	  before	  infants	  had	  acquired	  their	  first	  words	  those	  in	  
the	  higher	  education	  group	  were,	  on	  average,	  involved	  in	  over	  100	  more	  back-­‐and-­‐forth	  
verbal	  exchanges	  with	  caregivers	  per	  day.	  What	  is	  particularly	  noteworthy	  about	  the	  second	  
finding	  is	  that	  group	  differences	  in	  conversational	  interaction	  were	  evident	  despite	  the	  
absence	  of	  group	  differences	  in	  infant	  vocalisation	  counts.	  Thus,	  the	  data	  suggest	  that	  the	  
differences	  we	  saw	  in	  relation	  to	  conversational	  interactions	  were	  independent	  of	  infants’	  
own	  verbal	  behaviours.	  	  
We	  assessed	  infants’	  expressive	  vocabulary	  at	  two	  points	  during	  the	  second	  year,	  
and	  based	  on	  previous	  SES	  literature	  (Fernald	  et	  al.,	  2013;	  Noble	  et	  al.,	  2015),	  we	  thought	  it	  
likely	  the	  association	  with	  maternal	  education	  would	  increase	  in	  strength	  as	  the	  infants	  
matured.	  However,	  as	  we	  saw	  in	  Chapter	  4,	  this	  was	  not	  true	  of	  the	  present	  sample.	  The	  
earlier	  differences	  between	  the	  two	  groups	  of	  infants	  in	  their	  linguistic	  experience	  were	  not	  
reflected	  in	  group	  differences	  in	  their	  later	  vocabulary	  scores.	  It	  was	  only	  when	  we	  carried	  
out	  more	  fine-­‐grained	  analyses	  based	  on	  narrower	  maternal	  education	  strata	  that	  
significant	  differences	  emerged	  in	  the	  data.	  That	  is,	  when	  viewed	  through	  the	  lens	  of	  four	  
levels	  of	  mothers’	  educational	  attainment	  (<high	  school,	  high	  school,	  degree,	  postgrad)	  a	  
significant	  positive	  correlation	  between	  maternal	  education	  and	  infant	  vocabulary	  was	  
present	  in	  the	  data,	  but	  this	  association	  was	  only	  secure	  early	  on	  in	  the	  months	  following	  
infants’	  first	  birthdays.	  Several	  months	  later,	  the	  association	  was	  no	  longer	  significant.	  
Interestingly,	  at	  19	  months	  the	  highest	  and	  lowest	  infant	  vocabulary	  scores	  were	  observed	  
within	  the	  ‘postgrad’	  group.	  As	  we	  saw	  in	  later	  analyses,	  the	  wide	  range	  of	  scores	  within	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that	  group	  were	  attributable	  to	  an	  interaction	  between	  maternal	  education	  and	  the	  sex	  of	  
the	  infants	  that	  appeared	  to	  have	  no	  clear	  explanation.	  	  	  
Vocabulary	  scores	  at	  19	  months	  were	  significantly	  lower	  for	  males	  than	  they	  were	  
for	  females,	  with	  girls’	  mean	  score	  (91.18)	  almost	  double	  that	  of	  the	  mean	  score	  for	  boys	  
(49.1).	  Although	  it	  is	  not	  unusual	  to	  see	  the	  vocabulary	  development	  of	  boys	  trailing	  behind	  
girls	  during	  the	  second	  year	  of	  life	  (e.g.	  Bornstein	  et	  al.,	  1998;	  Fenson	  et	  al.,	  1994;	  
Kalashnikova	  et	  al.,	  2016),	  the	  interaction	  with	  maternal	  education	  was	  somewhat	  puzzling,	  
and	  remains	  so.	  We	  investigated	  further,	  thinking	  aspects	  of	  earlier	  conversational	  
interaction	  may	  perhaps	  help	  to	  explain	  the	  effect,	  but	  they	  did	  not.	  Nor	  did	  any	  other	  
obvious	  explanation	  emerge	  from	  the	  data.	  As	  discussed	  in	  Chapter	  4,	  one	  possible	  
explanation	  supported	  by	  previous	  research	  is	  that	  prior	  to	  about	  20	  months	  sex	  differences	  
may	  have	  a	  stronger	  influence	  on	  vocabulary	  growth,	  whereas	  sometime	  after	  that	  age	  
environmental	  variation	  starts	  to	  become	  more	  influential	  (Huttenlocher	  et	  al.,	  1991;	  
Reznick	  et	  al.,	  1997).	  If	  that	  were	  true,	  had	  infants’	  vocabulary	  been	  measured	  several	  
months	  later,	  the	  data	  may	  have	  told	  a	  different	  story.	  However,	  the	  reason	  behind	  this	  
puzzling	  finding	  could	  be	  related	  to	  some	  other	  factor	  we	  have	  not	  examined,	  and	  could	  
possibly	  be	  specific	  to	  this	  sample	  of	  infants.	  Perhaps	  it	  is	  something	  that	  could	  be	  teased	  
apart	  in	  future	  research,	  with	  new	  data	  focused	  on	  this	  question.	  
A	  key	  finding	  of	  the	  study	  is	  that	  the	  quantity	  of	  back-­‐and-­‐forth	  verbal	  exchanges	  
occurring	  between	  infants	  and	  their	  caregivers	  at	  6-­‐9	  months	  was	  a	  significant	  predictor	  of	  
infants’	  vocabulary	  up	  to	  a	  year	  later.	  At	  12-­‐15	  months,	  a	  significant	  11%	  of	  the	  variance	  in	  
infants’	  vocabulary	  scores	  could	  be	  accounted	  for	  by	  how	  many	  daily	  conversational	  
interactions	  they	  were	  engaged	  in	  several	  months	  earlier.	  At	  19	  months	  of	  age,	  the	  quantity	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of	  daily	  conversational	  interactions	  at	  12-­‐15	  months	  account	  for	  27%	  of	  the	  variance	  in	  
infants’	  vocabulary	  scores.	  Even	  the	  quantity	  of	  infants’	  conversational	  interactions	  from	  a	  
year	  or	  so	  earlier	  predicted	  a	  significant	  proportion	  of	  the	  variance	  in	  vocabulary	  scores	  at	  
19	  months.	  Adult	  word	  count,	  by	  contrast,	  was	  not	  a	  significant	  predictor	  of	  later	  
vocabulary.	  Our	  results	  in	  this	  regard	  are	  congruent	  with	  the	  results	  of	  previous	  studies	  (e.g.	  
Shneidman	  et	  al.,	  2013;	  Shneidman	  &	  Goldin-­‐Meadow,	  2012;	  Weisleder	  &	  Fernald,	  2013)	  
showing	  that,	  when	  considering	  the	  quantity	  of	  infants’	  linguistic	  experience	  plays	  in	  early	  
vocabulary	  development,	  experience	  gained	  through	  conversational	  interaction	  appears	  to	  
matter	  more	  than	  children’s	  overall	  exposure	  to	  speech.	  	  
Possible	  explanations	  for	  why	  conversational	  interaction	  predicted	  later	  lexical	  
development,	  when	  adult	  word	  count	  did	  not,	  might	  come	  from	  a	  number	  of	  social	  
behaviours	  parents	  engage	  in	  during	  verbal	  interactions	  with	  their	  infants.	  For	  example,	  we	  
know	  that	  contingent	  parental	  verbal	  responsiveness	  (Goldstein	  &	  Schwade,	  2008;	  Tamis-­‐
LeMonda	  et	  al.,	  2001,	  2014),	  and	  parents’	  use	  of	  infant-­‐directed	  speech	  during	  interactions	  
with	  their	  infants	  (e.g.	  Hirsh-­‐Pasek	  et	  al.,	  1986;	  Kitamura	  &	  Burnham,	  2003;	  Liu	  et	  al.,	  2003;	  
Ma,	  Golinkoff,	  Houston,	  &	  Hirsh-­‐Pasek,	  2011;	  Thiessen	  et	  al.,	  2005;	  Trainor	  &	  Desjardins,	  
2002)	  both	  constitute	  important	  aspects	  of	  early	  language	  experience	  that	  support	  language	  
development.	  	  
Previous	  studies	  have	  shown	  associations	  between	  the	  amount	  of	  child-­‐directed	  
speech	  that	  children	  hear	  and	  their	  vocabulary	  growth	  during	  the	  second	  year	  of	  life	  (e.g.	  
Hurtado	  et	  al.,	  2008;	  Weisleder	  &	  Fernald,	  2013).	  Our	  study,	  by	  contributing	  evidence	  from	  
naturalistic	  speech	  data	  drawn	  from	  long	  recordings	  of	  day-­‐to-­‐day	  life	  at	  home,	  adds	  to	  that	  
literature	  by	  showing	  that	  the	  seeds	  of	  those	  associations	  are	  planted	  during	  the	  first	  year	  of	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life.	  Furthermore,	  our	  results	  show	  that	  even	  when	  infants’	  language	  ability	  between	  12	  and	  
15	  months	  was	  controlled	  for,	  the	  number	  of	  daily	  conversational	  interactions	  they	  were	  
engaged	  in	  at	  that	  time	  was	  still	  a	  significant	  predictor	  of	  their	  language	  ability	  several	  
months	  later.	  Thus,	  our	  findings	  also	  lend	  support	  to	  the	  broader	  argument	  that	  early	  social	  
interaction	  is	  pivotal	  to	  natural	  language	  acquisition	  (Golinkoff,	  Can,	  Soderstrom,	  &	  Hirsh-­‐
Pasek,	  2015;	  Kitamura	  &	  Burnham,	  2003;	  Kuhl,	  2007).	  	  
At	  the	  outset	  of	  this	  investigation	  we	  hypothesised	  that	  any	  associations	  we	  
observed	  between	  maternal	  education	  and	  infant	  vocabulary	  would	  be	  at	  least	  partially	  
mediated	  by	  earlier	  linguistic	  input.	  Indeed,	  that	  appeared	  to	  be	  the	  case	  at	  12-­‐15	  months,	  
at	  which	  time	  the	  quantity	  of	  conversational	  interaction	  infants	  were	  engaged	  in	  partially	  
mediated	  the	  relationship	  between	  maternal	  education	  and	  expressive	  vocabulary.	  The	  
direct	  association	  between	  maternal	  education	  and	  19	  month	  vocabulary	  did	  not	  warrant	  
formal	  mediation	  analysis.	  However,	  our	  finding	  that	  maternal	  education	  was	  positively	  
correlated	  with	  conversational	  turn	  counts,	  which	  then	  predicted	  infants’	  later	  vocabulary,	  
suggests	  an	  indirect	  relationship.	  Taken	  together,	  our	  data	  suggest	  that	  the	  quantity	  of	  
infants’	  conversational	  exchanges	  with	  caregivers	  in	  the	  first	  year	  constitutes	  one	  possible	  
pathway	  through	  which	  maternal	  education	  may	  come	  to	  be	  associated	  with	  early	  
vocabulary.	  	  
In	  Chapter	  5,	  we	  saw	  positive	  associations	  between	  mothers’	  verbal	  and	  non-­‐verbal	  
IQ	  and	  their	  education	  levels,	  so	  we	  examined	  whether	  IQ	  might	  help	  to	  explain	  individual	  
variation	  in	  infants’	  vocabulary	  skills.	  At	  both	  infant	  ages,	  mothers’	  IQ	  scores	  accounted	  for	  
little	  overall	  variance	  in	  infants’	  vocabulary	  scores.	  At	  12-­‐15	  months,	  there	  was	  an	  
interesting	  negative	  correlation	  between	  mothers’	  verbal	  IQ	  scores	  and	  infant	  vocabulary	  
195	  
	  
amongst	  infants	  whose	  mothers	  held	  bachelor	  degrees.	  No	  explanation	  for	  the	  finding	  
emerged	  from	  the	  data.	  It	  could	  be	  speculated	  that	  the	  association	  might	  help	  to	  explain	  an	  
earlier	  finding,	  where	  at	  12-­‐15	  months,	  compared	  to	  the	  ‘less	  than	  high	  school’	  group,	  mean	  
OZI	  scores	  in	  the	  ‘degree'	  group	  were	  not	  higher,	  even	  though	  they	  were	  for	  the	  ‘high	  
school’	  and	  ‘postgrad’	  groups.	  However,	  further	  investigation	  would	  be	  needed	  to	  test	  any	  
possible	  connections	  between	  the	  two	  findings.	  
We	  also	  checked	  for	  evidence	  of	  associations	  between	  mothers’	  IQ	  scores	  and	  the	  
naturalistic	  speech	  measures	  we	  had	  collected.	  Our	  results	  indicated	  that,	  as	  with	  maternal	  
education,	  mothers’	  IQ	  was	  indirectly	  related	  to	  infants’	  vocabulary,	  however	  not	  in	  exactly	  
the	  same	  way,	  it	  seems.	  Like	  maternal	  education,	  both	  aspects	  of	  mothers’	  IQ	  were	  
associated	  with	  conversational	  turn	  counts.	  In	  addition,	  mothers’	  non-­‐verbal	  (but	  not	  
verbal)	  IQ	  was	  associated	  with	  adult	  word	  counts.	  However,	  the	  associations	  between	  
mothers	  IQ	  and	  conversational	  turns	  were	  significant	  only	  at	  12-­‐15	  months,	  whereas	  the	  
associations	  we	  saw	  between	  maternal	  education	  and	  conversational	  turns	  were	  already	  
evident	  six	  months	  earlier.	  So,	  it	  seems	  that	  before	  infants	  had	  begun	  to	  talk,	  some	  other	  
factor	  related	  to	  maternal	  education,	  which	  could	  not	  be	  accounted	  for	  by	  mothers’	  IQ,	  
contributed	  to	  the	  quantity	  of	  daily	  verbal	  interactions	  in	  which	  infants	  were	  engaged.	  
Furthermore,	  both	  IQ	  measures	  were	  associated	  with	  child	  vocalisation	  at	  12-­‐15	  months,	  an	  
association	  we	  did	  not	  observe	  for	  maternal	  education	  at	  either	  age.	  Taken	  together,	  our	  
findings	  in	  this	  regard	  would	  support	  a	  model	  of	  vocabulary	  development	  in	  which	  mothers’	  
educational	  experience	  and	  their	  cognitive	  skills	  both	  contribute	  to	  children’s	  vocabulary	  
development	  via	  early	  verbal	  communication,	  but	  perhaps	  in	  different	  ways	  and	  to	  different	  
extents	  during	  various	  stages	  of	  development.	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Chapter	  5	  explored	  a	  number	  of	  additional	  maternal	  factors,	  as	  well,	  to	  assess	  
whether	  any	  of	  them	  might	  be	  associated	  with	  maternal	  education	  and	  contributing	  to	  
differences	  in	  infants’	  early	  communication	  experiences.	  However,	  none	  of	  the	  factors	  we	  
examined	  appeared	  to	  be	  related	  maternal	  education,	  so	  we	  did	  not	  pursue	  that	  line	  of	  
investigation	  any	  further.	  We	  also	  considered	  some	  other	  situational	  factors	  to	  see	  whether	  
how	  they	  might	  contribute	  to	  infants’	  early	  language	  and	  if	  they	  might	  help	  explain	  
differences	  related	  to	  maternal	  education.	  We	  saw	  that	  first-­‐born	  infants	  had	  more	  daily	  
exposure	  to	  overheard	  speech	  and	  more	  daily	  conversational	  interactions	  at	  12-­‐15	  months;	  
however,	  those	  differences	  were	  not	  reflected	  in	  their	  vocabulary	  skills.	  	  
We	  also	  examined	  infants’	  changing	  care	  arrangements,	  in	  case	  they	  may	  have	  
contributed	  to	  any	  maternal	  education	  effects	  we	  observed.	  Our	  data	  showed	  that	  infants	  
were	  spending	  more	  days	  per	  week	  in	  care	  as	  they	  got	  older.	  However,	  neither	  the	  number	  
of	  days,	  nor	  the	  type	  of	  care	  varied	  in	  any	  systematic	  way	  that	  was	  associated	  with	  maternal	  
education.	  One	  interesting	  finding,	  unrelated	  to	  maternal	  education,	  emerged	  from	  that	  set	  
of	  analyses,	  though.	  That	  is,	  our	  data	  suggest	  that	  the	  number	  of	  days	  per	  week	  infants	  had	  
spent	  in	  the	  care	  of	  family	  members	  (mostly	  grandparents)	  as	  12-­‐	  to-­‐15-­‐month-­‐olds	  was	  
positively	  correlated	  with	  their	  vocabulary	  scores	  several	  months	  later,	  but	  the	  amount	  of	  
time	  they	  had	  spent	  in	  day	  care	  was	  not.	  Though	  the	  finding	  was	  peripheral	  to	  our	  research	  
focus,	  it	  seems	  noteworthy,	  nonetheless.	  Although	  in	  this	  thesis	  we	  used	  maternal	  
education	  to	  measure	  SES,	  we	  know	  that	  SES	  is	  a	  multifaceted	  construct.	  Since	  financial	  
constraints	  would	  likely	  influence	  the	  type	  of	  care	  that	  parents	  access,	  findings	  like	  this	  in	  
our	  data	  raise	  questions	  about	  what	  other	  effects	  we	  might	  see	  if	  we	  were	  to	  measure	  SES	  
differently,	  by	  household	  income	  to	  needs	  ratio,	  for	  example.	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6.2	  Model	  of	  observed	  associations	  
So	  how	  did	  our	  findings	  compare	  to	  our	  initial	  model?	  Figure	  50	  illustrates	  key	  associations	  
relevant	  to	  our	  research	  questions	  as	  they	  emerged	  in	  the	  data.	  As	  the	  model	  shows,	  
maternal	  education	  predicted	  conversational	  turn	  counts	  at	  both	  ages,	  which	  in	  turn	  
predicted	  vocabulary	  scores	  at	  both	  ages.	  We	  also	  saw	  some	  evidence	  of	  a	  direct	  
relationship	  between	  maternal	  education	  and	  infant	  vocabulary	  at	  12-­‐15	  months	  that	  was	  
partially	  mediated	  by	  earlier	  verbal	  interaction.	  However,	  overall,	  our	  data	  provide	  stronger	  
support	  for	  an	  indirect	  association	  between	  maternal	  education	  and	  infant	  vocabulary	  
through	  the	  quantity	  of	  verbal	  interactions	  between	  infants	  and	  caregivers.	  As	  illustrated	  in	  
Figure	  50,	  our	  data	  indicated	  a	  positive	  association	  between	  maternal	  education	  and	  
mothers’	  IQ,	  but	  no	  direct	  association	  between	  mothers’	  IQ	  and	  infant	  vocabulary.	  IQ	  was	  
positively	  associated	  with	  verbal	  interaction,	  but	  not	  until	  12-­‐15	  months.	  As	  is	  indicated	  by	  
their	  absence	  from	  the	  model,	  none	  of	  the	  additional	  maternal	  factors	  we	  assessed	  







6.3	  Strengths,	  Limitations,	  Reflections,	  and	  Future	  Directions	  
This	  study	  represents	  the	  first	  in-­‐depth	  examination	  of	  speech	  input	  for	  infants	  in	  Australian	  
families	  from	  lower	  SES	  backgrounds,	  at	  least	  as	  measured	  by	  maternal	  education.	  As	  has	  
been	  pointed	  out	  in	  previous	  literature	  (e.g.	  Hirsh-­‐Pasek	  et	  al.,	  2015;	  Pace	  et	  al.,	  2017),	  if	  we	  
are	  to	  help	  bridge	  gaps	  in	  language	  development	  for	  children	  from	  lower	  SES	  backgrounds,	  
we	  need	  to	  direct	  research	  attention	  to	  the	  contexts	  in	  which	  the	  foundations	  of	  language	  
are	  established	  in	  lower	  SES	  families.	  The	  inclusion	  of	  lower	  SES	  families	  is	  a	  core	  strength	  of	  
this	  study,	  and	  it	  was	  facilitated	  in	  large	  part	  by	  the	  study’s	  home-­‐based	  design.	  Many	  of	  the	  
families,	  particularly	  those	  from	  lower	  SES	  backgrounds,	  had	  not	  previously	  expressed	  
interest	  in	  university	  research	  and	  had	  little	  to	  no	  experience	  with	  university	  environments.	  
A	  number	  of	  them	  expressed	  that	  they	  would	  not	  have	  taken	  part	  if	  participation	  had	  
required	  visits	  to	  the	  lab.	  Some	  mothers	  commented	  that	  they	  would	  not	  have	  been	  
motivated	  to	  travel	  to	  the	  lab,	  while	  others	  simply	  did	  not	  have	  transport	  that	  would	  have	  
allowed	  them	  to	  do	  so.	  Future	  research	  that	  aims	  to	  include	  families	  from	  diverse	  SES	  
backgrounds	  might	  benefit	  from	  bearing	  that	  point	  in	  mind.	  	  	  
Figure	  50	  Model	  of	  relationship	  between	  maternal	  education	  and	  infants’	  language	  skills.	  Arrowed	  lines	  
indicate	  statistically	  significant	  associations.	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The	  study’s	  longitudinal	  design	  is	  also	  a	  strength;	  though	  relatively	  short-­‐term,	  it	  
allowed	  us	  to	  track	  the	  stability	  of	  observed	  patterns	  across	  time.	  Although	  we	  were	  not	  
able	  to	  collect	  data	  for	  all	  50	  families	  for	  all	  components	  of	  the	  study,	  resulting	  in	  some	  
missing	  data	  (as	  indicated	  where	  relevant	  throughout	  this	  thesis)	  overall	  sample	  attrition	  did	  
not	  present	  a	  problem.	  Taking	  into	  account	  the	  two	  infants	  whose	  data	  were	  excluded	  from	  
our	  vocabulary	  analyses,	  for	  reasons	  described	  in	  Chapter	  4,	  our	  final	  sample	  included	  48	  
infants.	  We	  attribute	  the	  lack	  of	  attrition	  in	  part	  to	  the	  home-­‐based	  design,	  and	  in	  part	  to	  
the	  flexibility	  offered	  to	  families	  in	  terms	  of	  scheduling,	  both	  of	  which	  made	  it	  as	  easy	  as	  
possible	  for	  families	  to	  continue	  in	  the	  study.	  We	  believe	  the	  building	  of	  rapport,	  coupled	  
with	  informal	  efforts	  throughout	  the	  data	  collection	  process	  to	  foster	  a	  research	  climate	  in	  
which	  families	  could	  easily	  view	  themselves	  as	  co-­‐researchers	  rather	  than	  subjects,	  also	  
contributed	  to	  the	  low	  attrition	  rate.	  Between	  the	  multiple	  all-­‐day	  recordings,	  
questionnaires	  (and	  additional	  recordings	  for	  a	  related	  study),	  we	  asked	  quite	  a	  lot	  of	  the	  
families	  who	  participated,	  but	  particularly	  the	  mothers.	  Though	  they	  were	  provided	  with	  
instructions	  on	  how	  to	  complete	  the	  recordings,	  the	  primary	  responsibility	  for	  data	  
collection	  fell	  to	  them.	  The	  recording	  of	  continuous	  speech	  data	  in	  the	  home	  without	  an	  
outside	  observer	  present,	  as	  well	  as	  the	  long	  duration	  of	  those	  recordings,	  contributes	  to	  
the	  ecological	  validity	  of	  the	  study.	  	  
Another	  key	  strength	  of	  this	  study	  is	  that	  it	  has	  addressed	  a	  criticism	  of	  many	  past	  
studies	  examining	  effects	  of	  maternal	  education	  on	  children’s	  cognitive	  development	  that	  
have	  not	  included	  a	  measure	  of	  mothers’	  cognitive	  ability	  (Duncan	  &	  Magnuson,	  2003,	  
2012).	  Inclusion	  of	  the	  measure	  allowed	  us	  to	  at	  least	  begin	  to	  tease	  apart	  some	  effects	  that	  
seemed	  to	  be	  attributable	  to	  maternal	  education	  from	  others	  that	  seemed	  to	  be	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attributable	  to	  mothers’	  IQ.	  However,	  although	  we	  included	  a	  measure	  of	  mothers’	  
cognitive	  ability,	  a	  limitation	  of	  the	  study	  is	  that	  we	  did	  not	  include	  a	  cognitive	  measure	  for	  
the	  children.	  As	  such,	  our	  data	  cannot	  rule	  out	  the	  role	  children’s	  cognitive	  skills	  may	  have	  
played	  in	  this	  context	  and	  how	  they	  may	  have	  contributed	  to	  their	  language	  experiences	  
(e.g.	  see	  Song	  et	  al.,	  2014)	  Furthermore,	  although	  our	  conceptual	  model	  (Figure	  3,	  Section	  
2.5)	  proposes	  two	  separate	  pathways	  of	  influence,	  a	  larger	  scale	  study,	  in	  which	  household	  
income	  data	  was	  collected	  and	  a	  specific	  effort	  was	  made	  to	  include	  participants	  with	  high	  
income	  and	  low	  education	  and	  IQ,	  or	  the	  reverse,	  would	  be	  needed	  in	  order	  to	  distinguish	  
the	  two	  paths	  empirically.	  	  
We	  also	  acknowledge	  that	  the	  speech	  measures	  we	  used	  cannot	  capture	  complexity	  
or	  diversity	  in	  caregiver	  speech,	  or	  the	  more	  qualitative	  aspects	  of	  parents’	  interactions	  with	  
their	  infants	  that	  we	  know	  help	  to	  support	  language	  development.	  However,	  this	  study	  
represents	  only	  one	  aspect	  of	  a	  wider	  investigation.	  At	  the	  6-­‐9	  month	  and	  12-­‐15	  month	  
research	  sessions,	  along	  with	  the	  LENA	  recorders,	  we	  also	  provided	  mothers	  with	  high-­‐
quality	  digital	  audio	  recorders,	  which	  they	  used	  to	  make	  10-­‐15	  minute	  recordings	  of	  play	  
sessions	  with	  their	  infants	  at	  home.	  Additionally,	  at	  the	  final	  research	  session,	  we	  also	  
collected	  samples	  of	  mothers’	  adult-­‐directed	  speech.	  Analysis	  of	  those	  recordings	  was	  
beyond	  the	  scope	  of	  this	  thesis.	  However,	  a	  planned	  related	  study	  will	  assess	  associations	  
between	  maternal	  education	  and	  a	  range	  of	  acoustic,	  affective,	  and	  linguistic	  properties	  of	  
mothers’	  infant-­‐directed	  speech,	  and	  how	  those	  properties	  might	  shift	  from	  when	  mothers	  




Though	  this	  thesis	  has	  been	  largely	  exploratory,	  as	  was	  its	  intention,	  our	  longitudinal	  
research	  has	  yielded	  some	  novel	  findings,	  particularly	  in	  terms	  of	  identifying	  SES-­‐related	  
differences	  in	  infants’	  linguistic	  experience	  within	  the	  first	  year	  of	  life.	  Data	  from	  this	  study	  
will	  also	  provide	  normative	  information	  for	  a	  related	  study	  investigating	  relationships	  
between	  maternal	  education	  and	  language	  development	  in	  infancy	  for	  children	  with	  hearing	  
loss.	  The	  large-­‐scale	  study	  (‘Influence	  of	  maternal	  education	  on	  spoken	  language	  
development	  in	  children	  who	  are	  deaf	  or	  hard-­‐of-­‐hearing’)	  is	  currently	  in	  its	  final	  planning	  
stages.	  The	  study,	  led	  by	  Dr	  Teresa	  Ching	  from	  National	  Acoustic	  Laboratories,	  is	  a	  
collaborative	  effort	  between	  members	  of	  the	  HEARing	  Cooperative	  Research	  Centre,	  
including	  National	  Acoustic	  Laboratories	  (the	  research	  division	  of	  Australian	  Hearing),	  
Melbourne	  University,	  Western	  Sydney	  University,	  Royal	  Institute	  for	  Deaf	  and	  Children,	  The	  
Shepherd	  Centre,	  and	  Hear	  and	  Say.	  Our	  findings	  have	  potential	  implications	  for	  the	  
provision	  of	  practical	  support	  for	  parents	  of	  young	  children,	  including	  children	  with	  hearing	  
loss.	  Furthermore,	  speech	  pathologists	  have	  begun	  using	  the	  OZI	  as	  a	  vocabulary	  measure	  to	  
assess	  children	  with	  language	  delays.	  As	  discussed	  in	  Chapter	  4	  (Section	  4.9),	  the	  OZI	  norms	  
do	  not	  include	  children	  from	  lower	  SES	  backgrounds,	  so	  there	  is	  potential	  for	  our	  data	  to	  be	  
incorporated	  into	  future	  applications	  of	  the	  OZI.	  	  
6.4	  Conclusions	  
Taken	  as	  a	  whole,	  our	  longitudinal	  evidence	  suggests	  that	  origins	  of	  SES-­‐related	  differences	  
in	  spoken	  language	  development	  are	  evident	  in	  the	  first	  year	  of	  life.	  Our	  results	  also	  suggest	  
that	  it	  is	  the	  quantity	  of	  infants’	  early	  conversational	  interactions	  in	  daily	  life,	  rather	  than	  
simply	  the	  quantity	  of	  speech	  they	  overhear,	  that	  plays	  the	  more	  important	  role	  in	  early	  
language	  development.	  Furthermore,	  our	  data	  suggest	  that	  very	  early	  SES-­‐related	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differences	  in	  the	  quantity	  of	  infants’	  engagement	  in	  verbal	  interactions	  may	  be	  driven	  
more	  by	  parents’	  verbal	  communication	  behaviours	  than	  they	  are	  by	  those	  of	  the	  infants.	  It	  
also	  seems	  that	  although	  the	  two	  are	  associated,	  mothers’	  IQ	  and	  educational	  experience	  
may	  contribute	  to	  early	  lexical	  development	  in	  ways	  that	  may	  be	  similar	  at	  some	  points	  in	  
development	  and	  dissimilar	  at	  other	  points	  Our	  findings	  contribute	  to	  the	  evidence	  that	  
quantitative	  aspects	  of	  infants’	  early	  language	  environments	  at	  home	  can	  be	  informative	  
when	  considering	  associations	  between	  SES	  factors	  and	  children’s	  language	  acquisition.	  As	  
the	  results	  of	  our	  supplementary	  analyses	  revealed,	  while	  higher	  maternal	  education	  levels	  
may	  increase	  the	  potential	  for	  infants’	  vocabulary	  to	  develop	  more	  quickly	  during	  the	  
second	  year	  of	  life,	  the	  association	  is	  complex.	  	  
Maternal	  education	  is	  only	  one	  component	  of	  SES,	  and	  separate	  components	  of	  SES	  
appear	  to	  impact	  in	  a	  different	  way	  on	  various	  areas	  of	  development	  in	  different	  ways	  
(Conger	  &	  Donnellan,	  2007;	  Duncan	  &	  Magnuson,	  2003,	  2012;	  Smith	  &	  Graham,	  1995),	  so	  
had	  we	  used	  a	  different	  SES	  index,	  or	  multiple	  indices,	  we	  would	  likely	  observe	  different	  
associations	  in	  our	  data.	  Overall,	  our	  findings	  sit	  well	  alongside	  existing	  theoretical	  models	  
of	  SES	  effects	  on	  language	  development	  (e.g.	  Pace	  et	  al.,	  2017)	  that	  propose	  SES	  influences	  
verbal	  ability	  via	  multiple	  pathways.	  More	  broadly,	  our	  findings	  are	  consistent	  with	  
contemporary	  perspectives	  on	  first	  language	  acquisition	  (e.g.	  Arshavsky,	  2009;	  Hollich	  et	  al.,	  
2000;	  Kuhl,	  2007;	  Werker	  &	  Hensch,	  2015)	  that	  argue	  for	  a	  model	  of	  development	  in	  which	  
a	  combination	  of	  situational	  and	  biological	  factors	  interact	  to	  contribute	  to	  infants’	  early	  
language	  development.	  In	  many	  ways,	  this	  thesis	  ends	  as	  it	  began,	  in	  the	  sense	  that	  many	  
questions	  about	  the	  multifaceted	  association	  between	  SES	  and	  children’s	  language	  skills,	  
and	  how	  it	  comes	  to	  be,	  remain	  unanswered.	  However,	  this	  research	  has	  signposted	  a	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number	  of	  areas	  that	  may	  warrant	  further	  investigation.	  We	  believe	  these	  research	  findings	  
can	  contribute	  something	  of	  value	  to	  the	  general	  understanding	  of	  this	  complex	  
phenomenon,	  and	  we	  hope	  that	  they	  will	  stimulate	  further,	  much-­‐needed,	  research	  in	  this	  
field.	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Appendix	  L:	  Knowledge	  of	  Infant	  Development	  Inventory	  plots	  
	  
Figure	  L-­‐0-­‐1	  	  Mothers’	  scores	  on	  KIDI	  at	  Visit	  1	  
	  




Appendix	  M:	  Parenting	  Sense	  of	  Competence	  Scale	  plots	  
	  
Figure	  M-­‐0-­‐1	  Mothers’	  scores	  on	  PSOC	  at	  Visit	  1	  
	  




Appendix	  N:	  Social	  Support	  Scale-­‐‑6-­‐‑Number	  plots	  
	  
Figure	  N-­‐0-­‐1	  Mothers’	  scores	  on	  SSQ6-­‐Number	  Scale	  at	  Visit	  1	  
	  




Appendix	  O:	  Social	  Support	  Scale-­‐‑6	  Satisfaction	  plots	  
	  
Figure	  O-­‐0-­‐1	  Mothers’	  scores	  on	  SSQ6	  Satisfaction	  Scale	  at	  Visit	  1	  
	  




Appendix	  P:	  Parenting	  Morale	  Index	  
	  
Figure	  P-­‐0-­‐1	  Mothers’	  scores	  on	  the	  PMI	  at	  Visit	  1	  
	  




Appendix	  Q	  	  Edinburgh	  Depression	  Scale	  	  plots	  
	  
Figure	  Q-­‐0-­‐1	  Mothers’	  scores	  on	  the	  EPDS	  at	  Visit	  1	  
	  
Figure	  Q-­‐0-­‐2	  Mothers’	  scores	  on	  the	  EPDS	  at	  Visit	  
